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PREFATORY NOTE. 


ÁsouT a year ago the Council of the New Sydenham Society 
decided on the production of a volume which should consist 
of selected Memoirs on Bacteria in Relation to Disease. It 
was fortunate enough to secure the services of Dr. Watson 
Cheyne as Editor. To him the selection both of Papers and 
Plates has been wholly entrusted, but he has been restricted 
by the Society’s law from taking any by English authors. 
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after being bitten by dogs which are undoubtedly rabid, 
develope the disease, and the absence of any conclusive evidence 
that all the persons inoculated by M. Pasteur have been bitten 
by dogs which are really rabid, render it necessary to suspend 
judgment until all the facts and statistics can be published in 
full. 

For the strict proof that a micro-organism is the cause of a 
disease three things are necessary: firstly, the same species of 
micro-organism must be constantly present in the affected parts, 
at any rate during the early period of the disease; secondly, the 
organisms must be cultivated apart from the body, and thus, 
Separated from all the morbid materials ; and thirdly, their re- 
introduction in a suitable manner into the body of &n animal 
capable of being attacked by the disease must be followed by its 
production. As our knowledge of this department of science 
has increased, it has been found that wherever bacteria of the 
same kind are constantly present in the affected parts, and never 
found under other circumstances (thus excluding putrefactive 
bacteria), and where all the tests mentioned in the previous 
sentence can be carried out, these bacteria are the cause of the 
disease. Hence the constant presence of a special bacterium in 
8 particular disease and its absence elsewhere, even though no 
further test is carried out, is now very strong evidence in favour 
of its causal connection with the disease. There are no trust- 
worthy facts known in support of the opposite hypothesis, viz., 
that they might be the result of the disease. It is especially in 
human infective diseases that it is difficult to complete the 
proof, for several of these diseases do not affect the lower animals, 
and therefore it is impossible to test the bacteria found. In 
leprosy, for example, we have an instance of a disease which has 
not yet been transferred to the lower animals, but in which 
large numbers of specific bacteria are present. Nevertheless, 
although complete proof cannot be furnished, and although the 
conditions of infection are practically unknown, there is the 
strongest reason for believing, from a study of the affected parts 
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his bacillus is the cause of syphilis remain unaltered, yet the 
discovery of these smegma bacilli has for the present destroyed 
the hope that the demonstration of bacilli staining in this 
peculiar manner in the secretions from sores on the penis can 
be looked on as diagnostic of syphilis. 

In rhinoscleroma very short rods about 1à times as long 
as broad are found in large numbers, generally embedded in 
peculiar large cells (v. Frisch). According to Frisch they grow 
on nutrient jelly, and on blood serum, but this statement requires 
confirmation. They have also been found in cases of rhino- 
scleroma by Cornil in France, and by Payne in this country. 

In relapsing fever spiral organisms (spirochete) are con- 
stantly present in the blood during and just before the febrile 
attack. They disappear in the interval between the attacks, and 
are found again in small numbers just before the fresh attack 
begins. Blood containing these organisms when inoculated 
into monkeys sets up similar phenomena with the presence of 
spirochete in the blood. The spirochsts have not yet been 
cultivated outside the body, but there can be no doubt, when all 
the evidence is taken into consideration, that they are the cause 
of the disease. 

With regard to ague the statements are contradictory, and by 
no means conclusive. Some time ago Klebs and Tommasi- 
Crudeli published a research, in which they stated that they had 
obtained a bacillus which they looked on as the cause of malaria. 
The experiments, however, on which this view was founded 
were by no means free from error, and bacteriologists in 
general have not accepted their views. A much more careful 
and trustworthy research has lately been published by Drs. 
Marchiafava and Celli (Fortschritte der Medicin, vol. ii, No. 
24, 1885). They have not been able to find these bacilli, but 
have found that in fresh blood taken during an attack there are 
present in the red corpuscles bodies which have active amseboid 
movements, and which they term plasmodia malarie. Some of 
these plasmodia also contain pigment, and apparently have 
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of one and then of the other posterior extremity sets in, along 
with loss of motion in the anterior extremities. In the further 
course of the disease reflex tetanic spasms occur, and death takes 
place in 8 to 5 days. On post-mortem examination pus is 
found at the seat of inoculation, and there and in the surround- 
ing tissue are numerous bacilli; in some cases also these bacilli 
have been found in the sheath of the sciatic nerve, and in the 
spinal cord. Similar effects are produced in rabbits and guinea- 
pigs. These researches are of interest with reference to tetanus 
in man, with regard to which the opinion is very general in Ger- 
many that it is a bacterial disease. In man, however, no specific 
bacteria have as yet been demonstrated.—In phthisical sputum 
largish micrococci, arranged in groups of 4, are often found 
(Micrococcus tetragenus). If these are inoculated into mice or 
guinea-pigs the animals die in 8 to 10 days, and these groups 
are found in large numbers in the blood-vessels in all the 
organs. It almost seems as if these organisms aided in the 
breaking down of the lung in the phthisical process. 

What the conditions are which are necessary for infection in 
these diseases is still a matter requiring investigation. Much 
no doubt depends on the state of receptivity of the patient, 
and on the degree of virulence of the poison, but much aiso 
depends on other causes, on the discussion of which I will not 
enter here, as they are at present the subject of investigation. 

How the bacteria act in the production of the disease is also a 
question on which but little has been done. Their mode of 
action is possibly different in different instances. Probably the 
most general mode of action is by the production of poisonous 
chemical substances, which act locally on the affected part, ulus 
setting up the local appearances, and are also absorbed into the 
system and cause the fever, the general disturbance of the viri- 
ous organs, and the fatal result. In erysipelas, diphtheria, sud 
cholera, for example, there is every reason to believe that :he 
disease is essentially a local one, and that the general constitu- 
tional disturbance is not due to the passage of the living uud 
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bacteria. Friedlünder's pneumococcus breaks up carbohydrates 
into formic acid, acetic acid, and sthylic alcohol. A bacillus 
isolated by Brieger from human feces, and which kills guinea- 
pigs, gives propionic acid as the chief product of its growth in 
grape sugar. The typhoid bacillus gives considerable quantities 
of sethylie alcohol, and small quantities of volatile fatty acids ; it 
breaks up grape sugar into lactic acid. From its cultivations in 
meat infusion small quantities of & ptomaine were obtained, 
which produced marked effects on guinea-pigs. The animals 
showed slight salivation and increased frequency of respiration. 
They lost control over the muscles of their extremities and back, 
without however any true paralysis; the pupils became dilated, 
and ceased to react to light; there was also profuse diarrhoea, 
and the animals died in 24 to 48 hours. Although these 
results are as yet very imperfect, the advances made in the 
future will probably depend as much on the chemistry of bacteria 
as on any other department of this science. 


W. WaTSON CHEYNE. 
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need great improvement, yet up to the present time have proved 
of great service in the researches carried out into infective diseases 
and the subject of disinfection at the Sanitary Institute. These 
will now be described, partly to make known these practical 
procedures, which are capable of manifold application, and 
partly to render such work as is based upon the application of 
these methods, and published in these pages, more easily 
intelligible. 


ENUNCIATION OF THE PROBLEMS TO BE DISCUSSED. 


As a rule the following points must be observed in investigating 
micro-organisms from the point of view of sanitary science. - In 
the first place, it must be definitely determined whether the 
organisms in question are pathogenic at all, that is to say, 
whether they can cause disease. Following on that comes the 
proof of their inoculability, that is, of the possibility of their 
transference from one individual to another previously healthy, 
this transference being attempted both on individuals belonging 
to the same species as those in whom the disease arose 
spontaneously or was artificially produced, and on individuals 
of other species. 

Next we havo to trace out the mode in which the pathogenic 
organisms enter the animal body, to follow their behaviour out- 
side the body in the air, water, and soil, and finally to determine 
what influence reagents may exert upon them either in the way 
of destroying them or preventing their development. Hygiene 
is only interested in their existence in animal tissues in so far 
as an explanation of the mode of infection may thereby be 
rendered possible, whether, for example, the pathogenic organisms 
are localized in the alimentary canal, whether they pass into the 
blood, or whether they form resting spores in tho interstices of 
the tissues. 

So long as we do not know the direct exciting cause of any 
particular contagious disease, such as cholera, the plague, &c., 
or have to determine roughly the insanitary condition of air, 
water, or earth, and decide upon the value of certain sub- 
stances as disinfectants, we shall frequently be in the posi- 
tion of having to study the origin and life history of those 
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‘of form between the probably pathological organisms and those 
harmless parasitic fungi which have been recognized for a long 
time as always present on the body, or the preponderating 
numbers of the former that can afford a criterion of their specific 
importance. Unfortunately very little attention has been devoted 
to the harmless parasites, a defect which makes itself peculiarly 
felt in relation to the various affections of the alimentary canal, 
and thus great care is necessary before accepting statements as to 
pathogenic bacteria in that region; all doubt cannot be removed 
from assertions on this point, since confusion is possible owing 
to the fact that organisms habitually present in the alimentary 
canal may under certain circumstances (which even if extraor- 
dinary may also be favourable) increase in number and so assume 
importance from their mere quantity. But the time is certainly 
not far distant when the harmless parasitic organisms of the 
healthy body will be so well known that they will be recog- 
nized to be such at once; and if the necessity should arise of 
distinguishing the specific varieties, the former will be separated 
with certainty from the pathogenic kinds which will have more 
recently found an entrance. 


DEMONSTRATION OF THE PATHOGENIC ORGANISMS. 


In proceeding to search for suspected pathogenic organisms 
(and. chiefly for bacteria) in diseased tissues, great, and some- 
times almost insurmountable, difficulties will be met with at 
the outset if the research is carried on by the ordinary methods 
of microscopical observation without special details of preparation 
and examination. For while many pathogenic bacteria are so 
distinct in size, characteristic form, and movement that they 
cannot be easily overlooked, others possess such a simple out- 
line, and are so small that when they are mixed up with 
similarly shaped degenerated parts of tissue and corpuscles it 
may be impossible to distinguish them. Fortunately, however, 
the bacteria have one peculiarity which renders it possible to 
overcome these difficulties. This peculiarity is simply the power 
of taking up and retaining the colours of certain dyes, especially 
the anilines. The very fluids, however, in which bacteria most 
commonly occur, such as blood, mucus, lymph, &c., produce a 
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brown is strongly recommended, and all the photographs in 
which bacteria are represented in blood or lymph were taken 
from preparations stained with this solution. In spite of the 
above warning many continue to attempt to stain prepara- 
tions of blood in watery solutions, and yet in a most incom- 
prehensible way the inevitable failures are laid to the charge 
of the method. Even quite lately M. Wolff* has asserted that 
the processes advocated by myself do not afford a sure means 
of diagnosing bacteria. He complains that he endeavoured 
in vain to obtain his preparations of blood (which he stained 
with watery solutions) free from ‘‘ granules and particles.” + 
Besides the well-known fact that in skilful hands a great deal 
can be accomplished with the above-mentioned method, from 
among many valuable researches I may quote a paper pub- 
lished by Ogston, who has demonstrated in very numerous 
cases different kinds of bacteria in fluids taken from the human 
body, and who has come to the following opinion from his 
practical observations, viz., that ‘‘it is impossible to confound 
them (micro-organisms) with any such granular bodies as those 
alluded to by Wolff” (The British Medical Journal, 1881, 
March 12). 

It was nevertheless well worth while to improve the methods 
of staining bacteria in albuminous fluids so that they might 
give accurate results even in unpractised hands; the most 
fundamental point to be secured was this, that the film ol 
albumin fixed on the cover-glass should be converted into an 
insoluble form. If the prepared cover-glasses are kept for some 
time it will be observed that after a few days, at times only 
after some weeks, the film is harder, sticks closer to the cover- 
glass, and produces much less precipitate with the staining fluid. 

* Virch., Archiv. für Pathologische Anatomie, Bd. lxxxi. Hft. 2 u. 8. 

t In criticising my methods of research Wolff has fallen into the error of quoting 8 
few passages from my pamphlet on Traumatic Infective Diseases, relating to the 
examination of bacteria in sections taken from organa which had been hardened ir 
alcohol, whilst Wolff himself only worked with the dry method, and with that form 
of it least adapted for his purpose. If Wolff had acquainted himself with the twc 
methods described by me in full detail, then he must have perceived very soon that the 
staining of the dried film on the cover-glass had a totally different effect to tha! 
obtained in sections of tissues by Weigert's nuclear staining method, and therefore 
having failed in his application of one method, he should not have concluded that th 
other was useless, I trust that this explanation will suffice to show that I maintai: 


the perfect accuracy of those passages that have been attacked by Wolff, concernin; 
the poesibility of diagnosing bacteria in tissues with certainty. 
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however, only necessary to continue the action of heat until the 
albuminous substances were rendered insoluble, and this can be 
attained in a far shorter time. Thus if the cover-glasses re- 
mained only a few minutes exposed to a temperature of from 
120?—130? C., the film became so hard that it gave no precipi- 
tate with the staining fluid, and yet at the same time became 
perfectly stained. The duration of the action of the heat 
necessary to obtain & successful result is, however, quite un- 
certain, for while the preparation was sometimes ready in 
two minutes, at others it had to be heated for from five to ten 
minutes. It is most important to notice that some bacteria 
(for example Bacillus anthracis) if heated and stained appear 
somewhat altered, they appear thinner and more slender than 
when stained with the glycerine brown process, and, moreover, 
the peculiar segmentation of the anthrax bacilli is not so distinct.* 

On this point I will take the opportunity of remarking that 
slight differences (similar to those just mentioned) between 
bacteria will be observed, especially as to their breadth, &c., if 
the specimens are prepared differently or stained with different 
staining reagents. Hence for the exact comparison of different 
kinds absolutely the same process must be employed in prepar- 
ing the specimens. If, for instance, one wishes to demonstrate 
most easily the characteristic segmentation of the anthrax bacilli, 
which of itself serves as an infallible diagnostic point, then, as . 
has already been described, staining with glycerine brown must 
be carefully performed. Although this particular form of the 
anthrax bacilli is seen by means of other staining substances it 
is not then so evident that one could base a diagnosis upon it, and 
even if by other methods of preparation one cannot find this 
characteristic of anthrax bacilli, it is certainly not justifiable to 
conclude, as Zürnf has done, that segmentation of the bacilli 
does not occur. 

In spite of the above-mentioned drawback, the heating process 


* A rough rule now given by Dr. Koch is to pass the cover-glass three times 
through a gas flame about the rate at which one cuts bread.—Eb. 

t Separatdruck aus dem I. Bericht der neuen landwirthshaftlichen Institut der 
Universitat Leipzig, 1881. 

Zürn relies for support of his assertion on a few photographs of anthrax bacilli 
which accompany his publication. But these photographs do not satisfy the moat 
modest requirements which may be demanded of micro-photographic illustrations, and 
if the preparations are no better, then it is perfectly clear how Zürn arrived at his 
anomalous result. 
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staining solution is neither too weak nor too strong, the dried 
residue of the fluid, z.c., the dried plasma, is indicated by a faint 
tint. Hence only the cells and their products, whether of 
natural origin or formed artificially, can supply material which 
might be confounded with micro-organisms. 

With respect to the artificial products just mentioned, every 
one who has made a few observations on blood, pus, lymph, &c., 
will soon convince himself that the more dilute the fluid (to be 
investigated) is, the less will the shape of the cells contained in 
it be altered when it is spread out on the cover-glass. With 
blood, for instance, the white blood corpuscles, with rare excep- 
tions, preserve their rounded outline, and appear after drying 
as circles, in which lie multiform, frequently ribbon-shaped, 
nuclei. But if the fluid is thick and tenacious, such as is 80 
often the case with the tissue juices of organs such as the spleen 
or lungs, it is scarcely possible to spread it out in a thin layer 
without distorting the cell elements more or less, or even tearing 
and crushing them, in consequence of which comet-shaped 
figures are often produced, of which the remains of the cell 
nucleus form the head, while the tail is made up of the rest of 
the nuclear protoplasm stretched out behind. The explanation 
of these frequently fantastical appearances is quite evident. 
Even a few neighbouring fields of the microscope show all transi- 
tion forms, from the thread-like figures which lie at the borders 
of the mass where it is thinnest, to the unaltered, ?.e., uninjured, 
cell nuclei at the thicker parts of the preparation. One would 
therefore think that these crushed cell nuclei, which at the first 
glance can be recognized as such, could not be mistaken for 
micro-organisms, and yet this has been thecase. Thus Fokker,* 
in particular, believed from his researches that he had dis- 
covered that there were two kinds of splenic fever. In one of 
these the well-known bacilli were easily found, while in the 
other kind they were wholly absent, or only present in very 
small number. In this latter form, however, he found long 
threads, which as he said were connected with the lymph 
corpuscles and resembled spermatozoa, the lymph corpuscle 
forming the head, and the thread-like body the tail. Fokker 
took these appearances (which he called fungus mycelium [Pilz- 


* Centralblatt fir Medicinischen Wissenschaften, 1880, No. 44 ; 1881, No.2. Weekblad 
van hed Nederlandsch Tydechrift voor Geneeskunde, 1881, No. 4. 
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engaged upon experimental researches into infective diseases to 
acquire perfect experience in this province of the subject by 
making himself familiar with the results of Ehrlich's observations 
upon the granular corpuscles. 

Again, Ehrlich's observations are most valuable with respect 
to the study of infective diseases in another direction: Ehrlich 
discovered that among the blood corpuscles, which every one 
supposed to be practically alike in size and everything else, well- 
marked differences could be demonstrated by means of staining 
reagents, or, to speak more exactly, by the character of their 
chemical reaction, which led him to believe that these differences 
had to do with the origin and physiological function of the 
corpuscles. Well now, it may be asked, What has the differential 
staining of the blood corpuscles to do with infective diseases ? 
Simply this, that in one or more groups of infective diseases 
the contagion might be a body resembling a leucocyte, pos- 
sibly an amoboid form, and in this case it would be of the 
greatest value if we possessed unfailing means of differentiation 
such as Ehrlich's staining process undoubtedly offers. It is 
undoubtedly a one-sided view, though it is one at the present 
time very generally adopted, that every unknown contagium 
must be a bacterium (schizomycetes). Is it not just as likely 
that other kinds of micro-organisms might live as parasites in 
animal tissues, although I cannot assert that they would only exist 
as amoboid forms? There are others which belong to the 
class of protista,* which are also suspicious. The belief, how- 


* This conjecture has received earlier confirmation than I expected. Von Wittich 
announced recently in the Centralblatt fir Medicinischen Wissenschaften, 1881, No. 4, 
that he had found spirilla in the blood of Hamster rats. This led me to immediately 
investigate the blood of these animals. One of the animals which I had procured for 
this purpose died spontaneously on the second day of its imprisonment; but it showed 
on both days the symptoms of severe constitutional disturbance, and did not appear, 
like the animals observed by V. Wittich, to be perfectly healthy up to death. Αἱ the 
post-mortem examination no changes could be found in the internal organs such as 
could be considered to be causes of its death. However, I found in the blood innumer- 
able organisms, which in their movements did not resemble spirilla or Spirochete 
in the least, but moved extremely actively, with a serpentine course, among the blood 
corpuscles. When a drop of the blood was examined on a hollow slide, these parasites 
arranged themselves in absolute rest at the border of the drop, so that their shape 
could be accurately determined. They possess a spindle-shaped body of finely granular 
substance, On the anterior portion of this spindle-shaped swelling there are usually 
one or two dark granules, behind which the spindle is gradually extended as a long 
thread, which appeared to me to terminate in several instances in a double flagellum. 
These parasites have clearly no relationship to spirilla and spirochete, and I believe 
that they belong to the class of flagellate monads, and are most probably identical 
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less search had been made for bacteria, depends upon an inva- 
sion by parasites which cannot be distinguished from the tissue 
elements of the body, and behave in fact just as plasmodiophora. 

I have alluded at considerable length to the instance of plas- 
modiophora because it affords ἃ valuable warning against merely 
hunting for bacteria, asis so frequently done now when search is 
made for living contagia, and it shows us that we should also 
direct our attention to the other organized elements of the 
infected blood or organs. 


MICRO-ORGANISMS IN ANIMAL TISSUES. 


To the foregoing account of the investigation of fluids must 
now be added that of the investigation of animal organs, which 
will give us information as to the position and distribution of 
pathogenic organisms in the tissues, their relation to the sur- 
rounding cells, &c. 

Since we have to do with objects of the smallest dimensions, 
which are only to be recognized in the very thinnest sections . 
of the tissues under investigation, great advantage will be gained 
by the preparation of sections by the microtome. As for the 
further treatment of the sections with staining solutions, dehy- 
dration, clearing and mounting in Canada balsam, as well as the 
advantages and method of use of Abbé’s substage condenser, I 
must refer tho reader to the full description which I gave in my 
pamphlet on the Traumatic Infective Diseases,* to which I have 
very little to add. 

In the first place, I must again repeat that investigation is not 
to be exclusively directed to bacteria, but attention must also be 
paid to all other kinds of micro-organisms which may possibly be 

* Some time after these lines had been written I became acquainted with Weigert's 
publication on the Technology of the Microscopic Investigation of Bacteria ( Virchow's 
Archiv., Bd. 84, Heft 2). Weigert claims for himself, and correctly, the merit of 
having been the first to apply the method of nuclear staining to the investigation of 
micro-organisms. In my first published paper I laid especial stress upon the fact 
(and I repeat it again here) that I have to thank Weigert for the knowledge of the 
application of nuclear staining to the demonstration of bacteria in sections of hardened 
tissues, and that I simply called attention to the necessity of employing Abbé's 
condenser for accurate diagnosis of stained bacteria in sections. Finally, Iam very glad 
to find that Weigert, as the result of his extensive experience in regard to the presence 
of bacteria, which possibly we may not be able to demonstrate with the means of 


staining at present at our dispoeal, comes to conclusions similar to those which I 
have developed further on. 


4 
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years, they will stain very easily with fuchsin, gentian, violet, 
&c., but very badly with aniline brown. 

All micrococci stain equally intensely with blue, red, and brown 
aniline dyes. But &mong the bacilli there are various dif- 
ferences, many taking all the aniline stains powerfully, while 
others, as for example the short bacillus first described by Eberth 
in typhoid fever, stain less intensely though not so feebly as 
would appear from Eberth’s description. 

These differences in capability among bacteria to take up 
colouring matters merit attention, because they partly afford 
evidence of difference among the various kinds of bacteria as to 
their chemical properties, and parily also indicate the necessity 
for caution in estimating the value of negative results, as after 
consideration of what has been said it is not improbable that 
there may be some kinds of bacteria which will not take up the 
colouring matters at present in ordinary use. 

This opportunity may be taken of mentioning & small point 
with regard to staining which under certain circumstances may 
be of the greatest service. It consists in moderately warming the 
staining solution, as a result of which the time which the 
staining takes is greatly shortened, and at the same time the 
latter is considerably intensified. Indeed it would appear that 
some pathogenic bacteria can only be sufficiently darkly stained 
by this method; the heating, however, must not be carried 
higher than 40°—50° C., for otherwise sections which contain a 
considerable proportion of connective tissue will begin to 
shrink up. 


PHOTOGRAPHIC REPRESENTATION OF MICRO-ORGANISMS. 


Photographs are of the highest importance in investigating 
micro-organisms, for if ever a pure objective perception, free from 
every preconceived idea is necessary, it is in these investigations. 
But hitherto the exact opposite has prevailed, and nowhere have 
more numerous and highly coloured ideas been conceived, and 
therefore more confusion of meaning caused, than in the study 
of the pathogenic micro-organisms. For no one will deny 
that the difference in the conception of the characteristics of 
one and the same object almost always depends upon the fact 
that the object appeared to the one observer under a different 
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he will find the right place in it, or if he does find it, that 
he will select the proper focus or the best illumination, &c. 
Photography, on the contrary, gives the microscopical picture 
once and for all, and reproduces it without the slightest error, in 
exactly the same focus, magnification, and illumination as when 
it was taken. Moreover, nothing is more simple than to come 
to an agreement as to what a photograph exhibits, for several 
observers can simultaneously look at the picture which before 
was accessible only to one individual at a time; one can point 
out with the finger the object in question, measure it with com- 
passes, compare it with other photographs similarly taken, 
whether of the same or of other objecis; in short, one can do 
everything which may aid in the comprehension of the disputed 
point. 

Another perhaps more important use of photography is to be 
found in the powerful control which it enables a microscopist to 
exercise over his own observations. Drawings of microscopical 
objects are almost never absolutely true to nature; they are 
always prettier and appear with sharper lines and stronger 
shadows than the original, and, as happens not unfrequently, a 
sharper line or darker shadow in particular places may give the 
figure quite another signification. The drawing, further, is no 
criterion of the value of the preparation, for even a badly pre- 
pared, and in itself a doubtful specimen may be represented by a 
beautiful and apparently convincing drawing. This is obviously 
impossible with photographic illustrations, in which the shadows in 
the preparation form the picture itself, and in which, as it were, 
the microscopical object copies itself; it is therefore impossible to 
introduce the slightest improvement into the details of the picture. 
It further becomes necessary to make preparations which shall not 
only satisfy the demands of the observer, but which also by reason 
of their demonstrable accuracy can meet general criticism. 
Drawings of microscopic objects can scarcely be criticised, since 
the drawing is often involuntarily executed according to the 
mental bias of its author. On the other hand, if an investigator 
publishes a photograph he frees himself from’ every subjective 
influence in representing his preparations, and places to a certain 
extent the object of his researches before his audience, and 
admits them to take a direct share in his observation. More-- 
over, the consciousness that a photograph of the. result of his. 
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sharp contour obtained. All my photographs were made by 
employing this diffuse illumination, and not the slightest trace 
of & diffraction line can be seen in them. Thus Lewis has 
compared the true diameter of the spirila as shown in my 
photographs with his own, which are broadened by the diffraction 
band. If he had simply published a drawing possibly the error 
would never have been detected, because the diffraction bands, 
Which are easily recognizable, would not have been delineated.* 

Photography has also cleared up another point. When I 
found in Letzerich's publications descriptions of plasma cor- 
puscles, plasma balls, swarming of micrococci, &c., I never, 
even with the best intention, could conceive what Letzerich really 
meant, or what he had actually seen, until he published photo- 
graphic illustrations to his work on the morphological differences 
of the schizomycetes. One glance at these photographs showed 
immediately that the plasma corpuscles and balls were simply 
ordinary zooglea colonies of micrococci which occur in isinglass 
jelly, in which they remain aggregated for a longer time than 
when they grow in fluids. Finally the jelly liquefies, and then 
the nests of micrococci break up (swarm). 

I must add some remarks about Zurn’s photographs, to 
which I have already referred. They suffer from all the errors 
which can possibly occur in micro-photographs, for they lack 
all sharpness, for the most part are not properly focussed, 
have excessively marked diffraction bands, and what is most 
reprehensible, they are partly touched up. But for all that 
these imperfect photographs are, to my mind, infinitely more 
valuable than the finest drawing. Zurn’s photographs show 
αὐ ἃ glance what value is to be attached to his opinions about 
anthrax and the bacilli occurring in diseases like splenic fever ; 
for in spite of Zurn’s belief that the bacillus anthracis has 
no characteristic shape, even the blurred pictures in his 
photographs are obviously those of the real anthrax bacilli, 
and they can be distinguished from other kinds of bacilli. 
Whoever will take the trouble to compare my photographs 
(Cohn's .Beitrüáge, Bd. 2, Hft. 8, Plate XVI., Nos. 5 and 6) 


* I may mention, in addition, that I had the opportunity of photographing, in my 
own way, some genuine Indian spirilla of relapsing fever, which I received from 
Dr. Carter, of Bombay, and they can be seen to be identical with the European. 

t lec 
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INOCULABILITY OF THE PATHOGENIC MICRO-ORGANISMS. 


By the methods described above the existence of micro- 
organisms in animal tissues may be demonstrated, and if the 
investigation shows that they are present in large numbers, or 
that they have caused irritation or gangrene, &c., in the in- 
vaded tissues, their pathogenic power is thus rendered certain. 
A second question which interests us is, whether these micro- 
organisms, which are known to be pathogenic, are also infectious, 
that is, whether they can be transferred from one animal to 
another. The terms pathogenic and infectious must not be con- 
fused with one another; it is perfectly possible to conceive the 
existence of organisms which, since they can penetrate in the 
tissues of the animal body and set up diseases therein, are truly 
pathogenic, but still have not the power of infecting, that is, of 
passing from one animal to another and causing disease in that 
one also. Granting that intermittent fever is ἃ bacterial disease, 
@ supposition still requiring further proof, it would furnish a 
striking instance of the existence of a pathogenic but not . 
infectious micro-organism. The terms pathogenic and infectious 
are not therefore identical, and if a parasite is shown to be 
pathogenic it must be experimentally established in addition 
whether it is infectious or not. 

In order that our procedures should be rewarded by a positive 
result, the conditions existing in nature must be adhered to as 
closely as possible, a precaution which was neglected in the 
early days of experimental research into infective diseases, and 
frequently even at the present day. People have experimentally 
endeavoured in the most primitive way to communicate to dogs, 
cats, rabbits, guinea-pigs, and the like, diseases which have 
hitherto only been observed in man. Experience has, however, 
gradually taught us that it is not a matter of indifference what 
species of animal is employed for the experiment, and that the 
method by which the inoculation is performed has the greatest 
influence on the success of the experiment. To attempt to 
treat all these points would carry us too far at present, and I 
can only briefly indicate the most important of them in order 
to indicate the principles according to which our work should 
be carried on. 
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rats and guinea-pigs, but is easily communicable to sparrows 
and pigeons. In connexion with this subject also the different 
behaviour of animals of the same species but of different ages 
towards infection may be mentioned as being very remarkable, 
and this has been observed several times, especially with regard 
to infection with anthrax, and has been described by different 
authors. Thus while very young dogs are pretty easily infected 
with anthrax, old dogs are not, and the same difference may be 
observed in rats. ‘The same thing is observable with the 
septicemia of mice, which if it is inoculated into quite young 
rabbits causes ἃ general and fatal disease, just as in mice, while 
in older animals it only produces a local disturbance. A further 
inquiry into these most interesting conditions is given in several 
of the papers on these subjects.* I only wish to point out here 
how extremely important the proper selection of animals for 
experiment is, and chiefly in experiments on immunity, which 
are δὖ present attracting much attention, and concerning 
which it is sufficient merely to indicate how error can arise 
when old and young animals are taken at random for such 
experiments, for the older animals may possibly already 
be insured against the infection. The peculiar affinity which 
pathogenic bacteria show for definite species of animals recalls 
similar facts with regard to the behaviour of parasites generally, 
since they often confine themselves in the most special way to 
one species of plant or animal. These facts are so well known 
about the higher parasites that they are universally accepted 
-as proved. It would occur to no one, for example, to attempt 
experiments on the breeding of tape-worms in water, because 
allies of the tape-worms live in water. Is it not practically 
the same undertaking as the cultivation of the tape-worms 
in water when, as one constantly hears and reads, some 
one has made culture experiments with the most delicate 
micro-parasites in ordinary Cohn's or Pasteur's fluid? Those 
who wish to commence culture experiments with the pathogenic 
organisms cannot bear this fact too much in mind. 

A scarcely less important consideration deserves notice— 
namely, the manner in which the introduction of the infective 
material should be carried out. 'The method most commonly 
employed is inoculation (Impfung). We are accustomed t^ 

* These papers have not been translated. —EDp. 
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tissue, and should be correctly described as a subcutaneous 
inoculation. The method of placing the infective matter ins 
small pocket-shaped wound of the skin, employed, for example, in 
investigating the presence of possible infective materials in earth, 
can under no circumstances be regarded as a simple inoculation, 
and I would include in the same category infection by means of 
the introduction of small pieces of thread under the skin, and 
similar methods which I shall refer to on another occasion. 

All instruments employed in infection experiments must of 
course be subjected to trustworthy disinfection, which according 
to my experience in this sort of work is only to be obtained by 
prolonged heating at 150° C. and above. One often reads that 
disinfection was accomplished by the aid of alcohol, carbolic 
acid, and the like, but the experiments on the action of various 
disinfectants on the spores of bacillus anthracis which are 
described elsewhere show how untrustworthy these substances 
are. There is nothing for it then but to disinfect things ata 
high temperature, and there is no difficulty in this respec 
with many instruments, such as knives, needles, &c., for they 
are simply heated in the flame. The proper disinfection of 


syringes which are used for subcutaneous injection is rather . 


more complicated, for the ordinary syringes made of glass and 
metal become absolutely useless after being exposed for several 
hours to a temperature of 150° C., and a less degree of hest- 
would not secure adequate disinfection. I cannot conceal my: 
belief that many an experiment has been frustrated by this 
difficulty, and that many an inexplicable result of subcutaneous 
injection is to be attributed to incomplete disinfection of the 
syringe. To meet this objection we employ a specially con- 
structed syringe in our experiments, the metal fittings of which 
screw directly on to the glass, and are made tight by cork 
washers, which of course can be changed as required. The 
piston is made to fit by winding wool or cotton round it. 


Every time it is used the syringe must be heated in an oven , 
for one or two hours at 150? C., and then the piston is to : 
be moistened with distilled water, which has been sterilized in ; 


digester. By following these precautions it is impossible to 
mix the infective matter of one experiment with that of a former 
one. 

e In all cases in which the local action of infective material is 


| 
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a small quantity of the infective material that to have produced 
the disease it must have multiplied in the body, can such a 
material be regarded as infective. From this it follows that if 
any one wishes to know for certain whether he is experimenting 
with an infective material he cannot possibly remain satisfied with 
one experiment, but must carry out a more or less extensive and 
continuous series of inoculations from one animal to a second, 
from that to a third, and so on, before he can get rid of the just 
objection that he is only dealing with the symptoms of simple 
poisoning, and not with those of an infective disease. 


PURE CULTIVATIONS. 


After the presence of pathogenic organisms in the body 
has been definitely ascertained, as well as their capability of 
multiplying in the tissues, and their communicability from one 
individual to another, there yet remains a most interesting 
and most important hygienic problem, namely, the, demonstra- 
tion of the conditions of their growth. It has already been 
shown at the beginning of this paper that this problem is only 
to be solved by the aid of pure cultivations of the micro- 
organism, and it is no exaggeration to say that pure cultivations 
are the crux of all researches into infective diseases. 

Since the extreme value of making pure cultivations has been 
recognized for a very long time, every one who has been engaged 
on the question of infective diseases has given much trouble 
and thought to perfecting the methods of making pure cultiva- 
tions. For all that, the results of the very latest researches 
show clearly that we have not advanced very far beyond the early 
incomplete experiments; we have at most learnt how to avoid the 
most evident mistakes, and even that has not always been done. 

The essential principles of pure cultivation as it is practised 
now may be condensed as follows. 

A sterile nutrient fluid is placed in a disinfected glass vessel, 
which is plugged ‘‘ fungus tight " with disinfected cotton wool, 
and then this fluid is inoculated with the material containing the 
micro-organisms of which a pure culture is to be obtained. If 
growth occurs in these first flasks, then further inoculation is 
performed from these into a second series of similarly prepared 
vessels by means of a disinfected instrument. In fact it is. 
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ppearance of the culture which developed whether it was pure 
x not. Now I shall have to show later on that there are bacilli 
the macroscopical appearances of the development of which in 
fluids exactly resembles those of anthrax bacilli, and that con- 
sequently if they happened to be mixed with anthrax bacilli they 
could not be distinguished by Buchner’s process. It would be 
quite impossible to apply this method to other bacteria than 
those which exhibit & perfectly characteristic form in & nutrient 
fluid, to kinds, for instance, which, as many do, simply cause 8 
turbidity in the fluid. The difficulty then of obtaining a per- 
fectly pure material at the outset still remains to be got over in 
the great majority of cases, and this cannot be done with the 
methods of making pure cultivations at present in use. 

Fifthly, precautions must be taken that no spores of extra- 
neous organisms from the air fall into the culture fluid while the 
first inoculation, and indeed while every subsequent inoculation 
is being made. This is a risk which no experimenter can ever 
protect his pure cultures from with absolute certainty. Even if 
he take out the protecting wool plug only for an extremely short 
time, even though the early cultivations are successful, the 
probability increases with each further inoculation that a con- 
tamination will occur. 

To meet this difficulty as far as possible it is best as a rule to 
start several samples of the cultivation at the same time, and then 
only to inoculate further from that one which remains absolutely 
pure, as may be proved by careful naked eye inspection or by micro- 
scopical investigation. Unfortunately one cannot place any depend- 
ence on this method, for I have already explained how uncertain 
macroscopical differentiation of different cultures is, and as for 
the microscopical it could only tell us whether the small droplet 
(which is taken as a test and mounted on a slide) is free from 
contamination, and if there were only a few specimens of other 
kinds of organisms existing in the drop, it would be impossible 
to find them with certainty in the midst of the mass of the other 
organisms. ΑΒ 8 matter of fact the first traces of contamination 
cannot be recognized with any certainty in a fluid eithe 
macroscopically or microscopically ; and if perchance a furthe 
inoculation is made from a culture which, although supposed ' 
be pure, is really impure, and the contaminating organisms st 
pass the original ones in activity of growth, the possibility of furt] 


Man t a *o— ou. 
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therefore accepted as convincing. This remark is especially 
applicable to the researches (carried on with really remarkable, 
if blind, zeal) now issued in quantities from Pasteur's laboratory, 
and which describe incredible facts with regard to pure culti- 
vations of the organisms of hydrophobia, sheep-pox, pleuro- 
pneumonia, &c.* 

I have already frequently stated that pure cultures are abso- 
lutely indispensable for the further development of our knowledge 
of pathogenic organisms and of everything connected with them, 
and that somehow or other we must find means of obtaining an 
easily applicable and exact method. To me there seems no 
prospect of adequately improving the method at present in 
vogue.  Inoculations and reinoculations have been performed 
under shelter of an antiseptic spray. It is not impossible that 
some bacteria present in the air and capable of multiplication 
may thereby be destroyed in the air, but my experiments on the 
disinfection of the spores of bacillus anthracis and other bacteria 
show how feeble are the ordinary antiseptic means in their effect 
on spores. From my experiments it is perfectly clear that a 
spray of carbolic or salicylic acid, or of Condy’s fluid, &c., can 
have no action at all on spores by reason of the short time that 
the reagent is in contact with them, and that therefore in 
spite of the spray a whole crowd of spores suspended in the air 
may infect the culture fluid at each experiment. Klebs intro- 
duced an improvement, which consisted in making the upper part 
of the plug which closes the culture flask of h&ated asbestos. 
Just before taking & small quantity of material for investiga- 
tion or further cultivation the asbestos is reheated, and so any 
Spores entangled in its meshes destroyed, then a hole is bored 
through the plug with a heated needle and a portion of the 
material taken out by a heated capillary tube. I consider this, 
however, to be only another addition to the complications with 
which the procedure of pure cultivations is already loaded, 
without affording & corresponding amount of protection against 
possible contaminations. For though only a very small opening 
is made in the plug the possible entrance of spores is thereby 
merely diminished and never altogether prevented, and in con- 
veying the material from one flask to the other the glass tube 


* In my opinion Dr. Koch rather over-rates the diffüculty of carrying on pure 
cultivations in fluids, —Ep. 
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first potato fell on it from the air is obvious, and indeed one 
often finds a small particle of dust or thread in the centre of the 
small colony, which has clearly served as a carrier of the 
organisms, whether as dry but still living bacteria, as spores, or 
as yeast-cells. But that there should be no confusion on this 
point, I must add that a few of the colonies spreading from the 
margin may start from spores which are contained on tho skin, 
or rather in the earth sticking to it. 

The question now arises, What do we learn from this obser- 
vation of these colonies growing on potatoes? We learn this 
most striking fact, that with & few exceptions every droplet or 
colony is a pure culture, and remains so until by growth it 
pushes into the territory of & neighbour, and the individuals 
of each colony mingle ; the exceptions being those cases in 
which possibly two spores fell quite close to one another, so 
that the colonies they produce soon of necessity merge into one 
another, or where possibly a particle of dust is covered with several 
different spores, and these develope simultaneously. If an equally 
broad surface of ἃ nutrient fluid, instead of the potato, had been 
exposed to the influence of the air, numerous organisms would 
without doubt have fallen into it, indeed approximately as 
many kinds as in the case of the potato, but their development 
would have proceeded very differently. The motile bacteria 
would have dispersed themselves rapidly throughout the fluid, 
and would have become mixed with the immobile ones, which at 
first develope to some extent in small floating colonies, and would 
have pushed these about by their active movements, and distri- 
buted them throughout the fluid. Again, some organisms would 
swim about at the bottom of the liquid, and others in the upper 
layers ; and many which found a place on the potato, where they 
could multiply undisturbed, would never develop in the fluid at 
all, being choked by the over-growth of the more rapidly multi- 
plying forms. To sum up: the whole fluid would from the 
commencement afford on microscopical investigation ἃ picture of 
8. confused mixture of different forms, and never even in the 
remotest sense of the word could be called a pure cultivation. 
In what lies this marked difference between the soil which is 
offered by the potato and by the fluid respectively? It only 
consists in this, that the former is ἃ solid soil, and prevents the 
different kinds of organisms (even those which are motile) from 
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cut surface of the potato, and could be distinguished at the first 
glance from the colonies of other bacilli which grow spontaneously 
on potatoes, more especially from the most common kind of 
bacilli, which form small moist spots at the edge of the potato, 
Spread as a veil-like wrinkled membrane over the surface, and 
produce a viscous ropy mucus. After this experiment had 
proved successful another potato was infected with bacillus 
anthracis; this also grew most luxuriantly, as I shall have 
occasion to mention more fully in another place. But attempts 
at cultivating on potatoes other bacteria, which are known to be 
pathogenic from experiments on animals, gave ἃ negative result. 

However, the principle being thus established it only re- 
mained to adapt it to all cases. Nothing would be gained by 
my describing all the experiments I made in attempting to 
discover a soil suitable for all pathogenic organisms, and at the 
same time resembling the boiled potato in being solid, and 
therefore I will state the result of these experiments, which in 
their present form provide a thoroughly satisfactory procedure 
for pure cultivation in the large majority of cases, and in time 
when further perfected will doubtless meet all wants. 

When I saw that it was scarcely possible to construct a kind 
of universal nutrient fluid which should be equally suitable for 
all kinds of micro-organisms, I devoted my attention to discover 
how well-known and new nutrient solutions could be converted 
from the fluid into the solid condition, and I found the best 
way of accomplishing this was to mix gelatine with the nutrient 
liquid. Isinglass and other gelatinizing substances are not nearly 
so useful. The mixture of nutrient fluid and gelatine, which I 
shall call ‘‘ nutrient jelly " for the sake of brevity, is prepared in 
the following way: gelatine is soaked in distilled water and 
then dissolved by heat; to it is added the nutrient fluid in 
such quantity that the mixture shall contain in definite pro- 
portions the necessary quantities of gelatine and nutritive 
material. I have found the most convenient amount of gelatine 
in the nutrient gelatine mixture to be about 24 to 8 per cent. 
But if the nutrient fluid and gelatine are to be mixed in equal 
parts, then in order that the nutrient jelly may be brought up to 
24 per cent. of gelatine,* the gelatine solution must be made 
5 per cent. to begin with, and of course the nutrient solution 

* 10 per cent. of gelatine is now generally employed.—Ep, 
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into a turbid fluid. The smallest colonies which grow out of 
the white points consist of bacilli, as can easily be determined 
by examining them with the microscope. When one knows 
this, and wishes to sterilize the jelly, one would naturally not 
wait until these colonies had reached a considerable size, but 
would kill them by boiling as soon 88 they could be recognized 
with the naked eye. Herein, as already stated, there lies this 
great advantage of using nutrient gelatine, namely, that the 
very earliest development of bacteria cannot be overlooked, 
for bacteria growing from a single spore must lie packed 
together for some time, and so cannot escape observation even 
while their number is relatively small, and at the same time 
are seen so early that they have not yet formed spores or 
materially altered the composition of the nutrient solution. 
À further superiority of the nutrient jelly over nutrient fluids is, 
that one can estimate from the number of colonies which develop 
the number of germs which were originally present; and not 
only so, but also the mode in which the organisms entered 
the vessel containing the nutrient jelly can be seen at the first 
glance. For all the germs which survived the boiling of the 
gelatine are diffused pretty uniformly throughout the fluid 
mass, and appear later as colonies springing up in the sub- 
stance of the consolidated jelly; while, on the other hand, all 
the organisms which come into contact with the jelly after it has 
solidified having fallen, for instance, from pieces of imperfectly 
disinfected wool covered with organisms, from particles of 
dust which have come from the air and got through an 
inefficient plug, or from germs adhering to the walls of the 
flask, particularly to its neck, all these subsequent contami- 
nations must be deposited on the surface of the jeliy, where 
alone they can grow into colonies. Thus one is always in a 
position to control the suitability of the nutrient material for 
pure cultivations, and to recognize at once all the mistakes 
which may occur during its preparation, and to correct them 
speedily. It is unnecessary to say anything further as to 
the value of this constant guard against the possible commis- 
sion of errors, nor how an investigator can soon acquire 
practice and great security in the use of this method. It takes 
very little time to ascertain whether gelatine prepared with 
this or that nutrient solution is easy or difficult to sterilize. 
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for the latter purpose glass vessels which are covered with a 
bell-jar with a flat top, and the inside of which is lined with 
damp filter paper. In such vessels the jelly can remain two or 
three weeks without drying up. The sowing of the organisms 
to be cultivated is accomplished thus: as small ἃ quantity as 
possible of the fluid or substance containing the organisms is taken 
by means of & previously heated needle or platinum wire, and 
then drawn in several cross lines (usually five or six) rapidly over 
the surface of the jelly. The needle is used in much the same 
way as the lancet in vaccinating by incision, and it is better to 
make the cuts as shallow as possible, just as in inoculating ; in 
fact this process might very well be called an inoculation. The 
inoculation of several slides is performed in the same way, 80 
that without extra trouble or appreciable loss of time twelve or 
fifteen separate cultures can be started, for each inoculated tract 
represents a perfectly independent culture. Indeed the number 
is really much greater, for each section of a line can be con- 
sidered by itself, and will afford material for further cultivation. 
Once covered with & more or less perfectly fitting glass bell- 
jar, the cultures do not need any further protection from the 
constantly imminent risk of contamination. It is impossible to 
avoid the entrance of extraneous organisms either at the time of 
making the inoculation or examining them with the microscope ; 
but any which may then fall upon the jelly can only develop 
at the spot where it fell, and it will very rarely happen that a 
foreign colony pitches upon the inoculation line or its immediate 
neighbourhood. Besides it is inconceivable that the whole 
number of cultures should be so covered in a short time by such 
crowds of spores as to render further cultivation impracticable, 
and as a matter of fact this does not occur, at any rate where the 
bell-jar is not lifted too frequently. Usually pure cultures grow 
so rapidly as to arrive at their maximum development in a few 
days, when further inoculation should be performed, more par- 
ticularly when, as is the case with many kinds of bacteria, the 
jelly becomes fluid by their rapid growth; and further, when 
spore formation has already occurred there is no object in 
leaving the culture for a longer time, and it should be trans- 
planted as soon as possible. If cultures are to be preserved from 
contamination for a considerable time they must of course be 
guarded by wool, under which circumstance also the nutritive 
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the microscope by their peculiar dull polish and extremely fine 
granular appearance, and of these there will be a sufficient 
number which are suitable for further inoculation. To detect 
these a dissecting microscope may be used if necessary. Success 
may be looked for equally certainly, if less easily obtained, even if 
only a few of the organisms under investigation were present. 
It would only then be requisite that the bacteric mixture should 
be well diluted and inoculation performed in a great many places. 
Under these circumstances it is often advantageous to inoculate 
the jelly while still fluid, and thus to scatter the different organisms 
over a larger area, or an extremely small quantity of the substance 
can be well mixed with the fluid jelly, which can then be poured 
out on slides, and the colonies of the particular species of 
organisms under investigation sought out with the micro- 
Scope. 

I have already drawn attention to the fact that different 
nutrient soils are required for different kinds of micro-organisms. 
To mention only one of the most marked examples, fungi and 
bacteria do not grow with equal facility on the same soil, 
for the former thrive best on acid soils, while the latter prefer 
neutral or slightly alkaline ones. Hence it is necessary to work 
with different kinds of nutrient jelly corresponding as far as 
possible to the requirements of the different groups of 
micro-organisms, and even to the individual species of the same 
group. 

We have employed several kinds of nutrient jelly in our experi- 
ments, some being found useful for one class of cases and others 
for another. Those meriting special notice are hay infusion jelly, 
which is an excellent material for many kinds of bacilli; wheat 
infusion jelly; jelly prepared with aqueous humour ; jelly made 
with meat extract and peptone; another kind prepared with 
meat infusion and peptone is especially valuable for many patho- 
genic bacteria; * but unquestionably the best nutrient material for 
pathogenic bacteria is & nutrient jelly made out of blood serum 
and gelatine, with regard to which I must make a few remarks 
on account of its great value. This nutrient jelly cannot be 
sterilized by boiling because the serum albumin would coagulate; 
great care must therefore be taken to obtain the blood serum in 


* The jelly now mostly employed is composed of 1 lb. meat, 100 grammes gelatine, 
10 to 80 grammes peptone, 1 gramme chloride of sodium, and 1 litre of water, neu- 
tralized with carbonate of soda. — Ep. 
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one will very soon see that the colonies of each kind as they grow on 
the gelatine possess perfectly characteristic peculiarities of form, 
colour, and mode of growth, which render them very easily dis- 
tinguishable one from the other. There is really nothing extra- 
ordinary in this, when we remember that similar conditions occur 
in every province of natural science, especially in those cases 
where a number of individuals of the same kind is collected 
together. If the group is so far away that the individuals cannot 
be recognized, or if they are individually so small as not to be 
visible with the unaided eye, nevertheless, from the charac- 
teristics of the whole mass taken together, in other words of the 
colony, the species to which they belong can be recognzied with 
more or less accuracy, since the characters of the whole group 
are simply the sum of the characters of single individuals. 

Take for example colours. We may find that it is impossible 
to distinguish the colour of single specimens of animals or 
plants if they are very small and widely scattered, but when a 
large number of individuals of the same species are closely 
aggregated the summated tint of them all produces an effect 
which is very readily recognized. And it is just the same with 
motion. A small object barely or not at all visible to the naked 
eye cannot be identified when it is single; thus, for example, 
a bird flying in the extreme distance may be so indistinctly seen 
as to render it impossible to determine its species. But this 
state of things is quite altered when a covey of birds is seen 
moving even at the same distance. It is not merely the larger 
number which attracts notice, but a practised eye can recognize 
by the grouping and the character of their movements the species 
of birds which compose the covey. From other characteristic 
features of aggregated masses may be deduced the characters of 
the constituent parts. The circumstances are precisely the same 
in the present instance with regard to the masses and colonies 
formed by micro-organisms, only that in most of these cases the 
characteristic peculiarities of each mass cannot be properly made 
out without the help of a moderate magnification. By means of 
the microscope, however, it is so easy to recognize the charac- 
teristic differences of colour, size, form, &c., of the individual 
colonies, that the colonies formed by various species can readily 
be differentiated from each other ; for example, bacillus anthracis 
cannot be confounded with the hay bacillus (bacillus subtilis) 
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I have performed very numerous and extensive series of pure 
cultures with pathogenic and non-pathogenic micro-organisms on 
boiled potatoes and nutrient jelly, without once meeting with 
any obvious alteration in the characteristics of the organisms. 
Whenever observed, even if cultivated (pure) for months, they 
always preserve their external appearances, as well as their 
physiological peculiarities, remaining perfectly constant from the 
beginning to the end of the investigation ; even when the nutritive 
pabulum was at various times altered, when the interval of time 
between the various transplantations was at one time as long as 
possible, and at another as short as possible, or when in one series 
spore formation was allowed to occur, while in another further 
inoculations were made before spores appeared, there was still 
no change whatever in the specific characters of the organisms. 
Of course contaminations of the most various kinds occurred, 
and that these were accidental contaminations, and not the 
transformation of one organism into another, was evident. If, 
for example, twelve out of fifteen inoculation streaks of anthrax 
bacilli on jelly develop pure cultures, while in two of the remainder 
. brown masses of micrococci are mixed with the anthrax bacilli, 
and in the third hay bacilli appear at one point only of the long 
streak, and further, if a few more colonies of micrococci, hay 
bacilli, and moulds develop on the jelly away from the inoculation 
streaks, no one would assert that in one such streak, and at one 
place only, the anthrax bacilli became converted at once without 
intermediate forms into genuine hay bacilli, &c. Such an asser- 
tion would necessitate the conclusion that, since all the above 
streaks were under the same conditions, in the two contaminated 
with micrococci the anthrax bacilli must have become changed 
into micrococci, and that the colonies of micrococci, hay bacilli, 
and moulds scattered between the uncontaminated streaks must 
have arisen by generatio equivoca. No one would willingly 
come to such a conclusion as this last, but would rather say that 
the independent colonies sprang from spores in the air which 
had fallen on the jelly. If this is admitted, then there is nothing 
against the view that micrococci happened to fall on two of the 
streaks, while hay bacilli fell on one spot in the third. 

This illustration is not by any means taken from very unusual 
circumstances. On the contrary, exactly similar admixtures with 
extraneous organisms occur in making pure cultivations. Hence 
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successful, it would always be possible to group in one class 
the forms thus proved to be connected with one another. But 
as yet such a proof is wanting, and hence there is not the slightest 
reason for departing in bacteriologv from the principles of the 
other natural sciences. If at the beginning a few species too 
many are adopted, this can in nowise injure the science ; but if 
from the first the desirability and necessity of investigating the 
different forms of bacteria, and of thus adding to our knowledge, 
were censured, all further advance in our knowledge of this sub- 
ject would be barred, and this would, of course, be the severest 
imaginable injury to this young and most promising branch of 
Science. Truth and knowledge must undoubtedly force their way 
to the front in this as in all other branches of science, and all 
untenable hypotheses must go to the wall. 

But how often an accurate and painstaking inquiry, advancing, 
as it always does, with slow and laborious effort, is thrust into 
the background for a time by highly promising theories, which 
apparently resolve even the most difficult problems with the 
utmost ease. And even if no permanent injury results to science 
thereby, the false direction given to it exerts at any rate a 
temporary evil influence on the most important questions of 
sanitation, and also colours tke teaching and practice of the 
same. 

It seems to me, therefore, that the only proper line to take 
(and this is not at all a crotchety view) is to make a careful 
separation between all the various micro-organisms, more parti- 
cularly bacteria, which we meet with, and more especially in regard 
to the latter, to adhere strictly to the principle that all those 
bacteria which retain their characteristics, by which they differ 
from one another, unaltered on the same soil and after several . 
transplantations (so-called generations), should be regarded as 
different one from another, whether or not they be spoken of as 
species, varieties, &c. 

Before I conclude these remarks on pure cultivations, I must 
guard myself against an objection which will certainly be urged 
against me. It will be said that my method of making pure 
cultivations is not at all new, and that the idea of cultivating 
bacteria on potatoes and in gelatine is also well known. That 
is quite true. It has certainly been known for a long time that 
some bacteria grow very well on boiled potatoes, and they have 
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different organisms can be noted. It would only be necessary, 
in order to get comparative.results, to bring the desired quantity 
of air in contact with a known surface-area of nutrient jelly in 
such & way that all spores, &c., contained in it must be deposited 
on the nutritive 801]. 

It is, however, practically very difficult to fulfil these require- 
ments, although it seems at first sight very easy. The earliest 
attempts in this direction were made by drawing air through 
sterilized wool by an aspirator, and then distributing the wool, 
loaded with the dust from the air, in liquefied nutrient jelly, all 
possibility of further entrance of spores from the air being pre- 
vented by air-tight or dust-tight plugs. This method was in so 
far successful that the colonies of bacteria and moulds developed 
readily, but in consequence of their growing in the interior of the 
jelly, and being hidden here and there by the fibres of cotton 
wool, we do not obtain nearly so striking and beautiful a result 
as when the colonies spring from spores, &c., deposited on the 
surface of the jelly. For this reason this method has been for 
the present given up. Although inapplicable for the general 
investigation of air, still this method could be employed in certain 
cases, as, for example, where known quantities of air have to be 
examined quickly. The next attempt was to aspirate the air (in 
“the manner employed in other well-known methods of examining 
air) against a drop of glycerine, or against a glass-plate covered 
with glycerine jelly, and then the drop of glycerine or the glycer- 
ine jelly was mixed with enough nutrient jelly to neutralize any 
injurious effect which the glycerine might exert on the pabulum. 
Experimental researches into the action of glycerine on micro- 
«organisms carried on at the same time showed, however, that 
glycerine has no injurious action on the spores of bacilli, moulds, 
or torule, but that it kills in a comparatively short time 
bacteria which are not in the spore stage, and which other- 
wise are still capable of development when but recently dried; 
hence the result is that only colonies of bacilli, yeast, and 
moulds are formed in the gelatine, and, consequently, this 
method makes it impossible to form an accurate idea how many 
active organisms the air may contain, because many forms are 
destroyed owing to the conditions under which they are 
collected. Besides, I got the impression that the force of the 
4current of.air, which for this purpose must be pretty consider- 
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replugged with the wool. If in doing this a few spores from 
the air of the laboratory should fall into the jelly, they sink 
and develop in its interior and not on the surface... As soon 
as the jelly has solidified the apparatus may be used as follows: 
the wool plug is removed and kept meanwhile safe from con- 
tamination * at the place where the air is to be examined, 
and the vessel is left with the gelatine exposed to the air for 
a definite period of time, suy, for instance, 5, 10, 12, or 24 
hours. Τὺ is then plugged again with the wool so as to pre- 
vent any further entrance of organisms; and the development 
of the colonies is encouraged by keeping it at a temperature 
of from 20? to 25? C. The earliest minute colonies will appear 
as droplets or round white spots in from 24 to 80 hours. By 
the second day the growth is usually so far advanced that micro- 
scopical investigation may be made, and the examination of 
the colonies performed with the aid of alens. This must not 
be delayed longer than two days, otherwise the colonies will be 
too large and may have run into one another. The composition 
of the jelly is naturally of especial importance in order to obtain 
successful cultivations of the very varied kinds of organisms 
which are found in the air, because it must afford as good soil 
both for the growth of bacteria and for the growth of the torule 
and higher fungi. As the result of a series of experiments 
in which I compared the values of different nutrient jellies, it 
seemed to me that a jelly prepared with wheat infusion might 
be most suitable for investigating air, for the different kinds 
of micro-organisms seem to develop equally well in it. Still 
I would strongly recommend that, supposing an observer has 
plenty of time and material at his disposal, he should expose 
as many different pabula as possible to the air, as, for example, 
boiled potatoes, plum infusion jelly, blood-serum jelly, wheat 
infusion jelly, &c., in different glasses, and all for the same 
space of time. If it is only & question as to the pathogenic 
organisms present (as may be the case in investigating the air 
of sick-rooms), it is best to employ peptonized meat infasion 
jelly, and especially blood-serum jelly. 

In the course of last winter I carried on for a few weeks a 
fairly regular series of observations on the organisms in the 
air, using wheat infusion jelly, to test for myself the practicability 


* The simplest way is to place it in a sterilized veasel. 
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further cultivation of the organisms found in the atmosphere, 
and by the testing of them as to their pathogenic or other 
special properties. I had not then time to do this, and so am 
compelled to postpone further observations in this direction to 
a future occasion.* 


* The above method of testing air is only a qualitative one, and can hardly be 
reckoned to give quantitative results. Dr. Hesse (Ueber quantitative Bestimmung 
der in der Luft enthaltenen Micro-organismen : Mittheilungen aus dem Gesundkeite- 
amte, vol ii) has devised an excellent method for quantitative analysis. He 
describes his apparatus as follows :— 

*'The method devised by me, and employed in my investigations, consists essen- 
tially in drawing air through long tubes, the walls of which are covered with a layer 
of solidified nutrient jelly. The current of air is regulated and measured by means 
οὗ an aspirator. From the number of colonies which develop on the jelly, and from 
the quantity of air employed, an accurate estimate is obtained of the number of 
germs in the air. This, however, only gives the number of germs which come in 
contact with the nutrient jelly, and which can grow under the conditions under which 
they are placed, such as at the temperature and on the nutrient soil employed. 

** APPARATUS.—For these experiments one requires glass tubing, nutrient jelly, and 
an aspirator. 

* GLASS-TUBING.—The most convenient tubes to employ are about 70 cm. long and 
8:5 cm. broad, having a capacity of about 670 c.cm. The tubes, the edges of which 
at each end are somewhat thickened or bent outwards, are now prepared for the 
reception of the jelly; over one end a cloeely fitting caoutchouc cap is fastened, 

: having a central hole of about 1 cm, in diameter, and over thisa 
second entire cap is placed; in this way the tube is completely 
closed at this end (fig. 1). If one only applies a single cap over 
the end of the tube, as I did in my earlier experiments, there is 
& danger of detaching the jelly from the glass when the cap is 
removed, and therefore I used to cut out & small central hole in 
the cap before the commencement of the experiment ; but by the 
use of two caps there is no danger of disturbance of the jelly by 
the removal of the outer cap. 

* Into these tubes 50 c.cm. of fluid nutrient jelly are introduced 
by means of a pipette. This quantity is sufficient to cover the 
inner wall of the tabe completely." (The nutrient jelly which 
Hesse found to be best was the peptonized meat jelly of the formula 
given in the footnote on p. 46.) 

“Into the other end of the tube now contain'ng the jelly a 
tightly fitting caoutchouc cork about 2 c.cm. in diameter is intro- 
duced. The central part of this cork is perforated with a hole 
about 1 cm. in diameter, and through this passes a piece of glass 
tubing about 10 cm. long and 1 cm. wide, and containing two plugs 
of cotton wool. The plug nearest the large tube projects a little 
beyond the end of the small glass tube. (Seefig.1.) This small 
piece of tubing is for the purpose of easily connecting the large 
tube with the aspirator, of equalizing the atmospheric pressure 
inside and outside the tube, and to act as a filter of the air. The 
use of the two wool plugs is in order to meet requirements to be 
referred to later, which make ic desirable to remove ἃ part of the 
contents or to alter the position. 

Fig. 1. “The tubes, &c., are by no means free from micro-o 
even though the greatest care and cleanliness be observed, Although these accidental 
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an arrangement must be adopted like that used for invet 
sir. As a rule it is impossible to confuse the spore 
are contained in the earth with those which may fall 
jelly from the air, for the first-mentioned organisms st 
the particles of sand andearth. For this class of researc. 
prepared with wheat infusion or peptonized meat infu 
be found to be particularly suitable. Some experii 
made on the organisms contained in the earth, altho 
in number, still afforded fairly constant results, and p 





the end of the large tube is removed, and the water is made to flow from 
to the lower flask at & moderate rate. It was found experimentally tl 
dust was deposited in the large tube unless the flow was very rapid. 





Fig. s. 


sufficient quantity of air has been drawn through, the aspirator is detect 
tube laid horizontally at » suitable temperature (20° to 25° Q). In tw 
* days colonies are evident which may be counted and invostigated,— 
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the depth, so that at the depth of one metre the undisturbed 
soil is always free from bacteria. I have proved this to be 
the case even in the midst of Berlin, in soil freshly excavated 
for buildings, cultivation on gelatine of the soil from the depth 
of one metre showing no bacilli, and only ἃ few solitary colonies 
of very small micrococci. In one case the earth was taken at 
2 metres depth from the foundations of & new house close to 
the tank Panke in the Philippstrasse, at the level of and scarcely 
2 metres distant from the water, and yet these specimens 
of soil proved to be extraordinarily poor in micro-organisms. 
It is well to remember, however, that my observations were 
only made in winter, and it is possible that in summer the 
facts are different. Nevertheless if, according to the universally 
accepted view, there is ἃ luxuriant development of micro- 
organisms in the ground, water, and the earth in its neigh- 
bourhood, the spores of these organisms must be*left behind, 
and ought to be found in winter in the lower layers of the 
soil as easily as they can be demonstrated in the upper surface. 
But as this is not the case it appears to me very doubtful 
whether any considerable number of micro-organisms exist in 
the deeper layers. 


INVESTIGATION OF WATER. 


The study of water by the help of nutrient jelly likewise offers 
no difficulties. A known quantity of the water in question is 
mixed with a large quantity of liquefied jelly, and the vessel is 
then plugged with cotton wool and the colonies allowed to grow 
in the jelly until they can easily be recognized with the micro- 
scope, and specimens taken from them for future cultivation. 
With regard to the last point it is best to pour out the mixture 
into flat vessels, and to allow it to solidify so that the colonies 
may be scattered as far as possible and be readily reached with 
the needle. It is also of advantage to use a very clear and 
colourless jelly, such as wheat infusion jelly, because in this 
method of research the colonies develop in the substance of the 
jelly. As regards the quantity of water to be used, I may say that 
in some instances in which 1 cc. of water was mixed with 10 
cc. of jelly very few bacterial colonies appeared, while in 
' another instance the micro-organisms (among which were colonies 
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these, everything which can possibly act as a carrier of pathogeni 
organisms, or affords them shelter in any way, must also b 
thoroughly examined, such, for instance, 88 brickwork, wooc 
work, carpets, clothes, articles of commerce, such as money, &c 
and, most important of all, articles of food, such as mill 
sausages, &c. In connexion with the subject of sausages w 
may draw attention to the frequency with which cases of sausag 
poisoning have been published lately. 
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culosis of the thoracic duct, and Weigert's detection of tubercle 
in the walls of veins in miliary tuberculosis. These facts, how- 
ever, bear only upon the diffusion of the tubercular virus within 
the body; we cannot conclude from them that the virus is com- 
municable from one individual to another, or, in other words, 
that the disease is truly infectious. 

With the latter question experimental pathology has dealt in 
the most exact way. The course of experimental research into 
the infective nature of tuberculosis has lately been fully con- 
sidered on several occasions (S. Johne, Die Geschichte der 
Tuberkulose, Leipzig, 1883), so that I shall limit myself to a 
few remarks on the points of most importance. 

Isolated, imperfect attempts at the artificial production of 
tuberculosis made at the end of the last century gave only 
negative results. The credit of the first successful experiments 
belongs to Klencke, who in the year 1843 succeeded in in- 
ducing an extensive tuberculosis of the lungs and liver in rabbits, 
by inoculation with portions of miliary and infiltrating tubercles 
from Man; and he did this by the introduction of these masses 
into the veins of the neck. He did not continue his researches, 
and they were consequently soon forgotten. In the meantime 
Villemin undertook an experimental investigation into the 
nature of tuberculosis, working in a methodical and thorough 
manner. He inoculated not only with tubercular material from 
human beings, but also from cases of bovine tuberculosis, and 
proved experimentally the identity of the latter disease with 
human tuberculosis. Villemin’s researches, from the number of 
his experiments, the careful manner in which they were carried 
out and the employment of suitable control experiments, ap- 
peared to have decided the question in favour of the infective 
theory. The numerous workers, however, who repeated 
Villemin’s experiments after the same or a modified method, 
arrived at very contradictory results. The partisans of the 
infective theory, amongst whom Klebs must be specially 
noticed, sought to improve the details of the experimental 
method and to free it from the imperfections surrounding it; 
its opponents strove, on the contrary, to prove that tubercular 
material contained no specific virus, and that true tuberculosis 
could be induced by inoculation with non-tubercular material. 
To the decision of this question Cohnheim and Salomonsen 
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whether it consisted of independent organisms, endowed with 
constant properties, which invaded the body 88 parasites and 
rendered it tubercular, or whether it was composed of particles 
of an organized or even unorganized nature, arising only under 
certain abnormal conditions within the body and indeed from 
its own elements. 

Judging from the results which had been recently attained 
concerning the etiology of many infective diseases, it seemed not 
unlikely that the cause of tuberculosis might also be found in 
some micro-organism. To arrive at some conclusion on this 
point, it was obviously necessary to utilize all those methods 
which had proved of value in the investigation of other infective 
diseases, and to follow that order of research which had on 
former occasions proved itself best adapted to the end in view. 
Consequently, the following plan of inquiry was decided upon. 
First, to determine whether formed elements, which could neither 
belong to the constituents of the body, nor have sprung from 
them, were present in the diseased parts. Were the presence of 
such foreign elements demonstrated, it would next be necessary 
io ascertain whether they were organized, and whether they 
exhibited any signs of possessing independent life, the chief of 
these being spontaneous movement, so often confounded with 
molecular motion, the power of growth, increase, and repro- 
" duction. Further, the relations of these forms to their surround- 
ings, the behaviour of the neighbouring tissue-elements, the 
distribution of these forms through the body, their presence in 
different stages of the morbid process, and similar points, would 
have to be worked out; these all having a bearing of more or 
less importance on the causal relation of these forms to the 
disease under consideration. It seemed possible that the facts 
thus brought to light might furnish such decisive proof, that only 
the most extreme sceptic would still maintain that the micro- 
organisms discovered were concomitants, and not the cause, of 
the disease. Often, however, there may be grounds for this 
objection; complete proof of the causal relationship demands, not 
merely a demonstration of the coincidence of the parasites with 
the disease, but, beyond this, it must be shown that the parasites 
directly produce the disease. To obtain this proof, it is neces- 
sary to isolate the parasites completely from the diseased 
organism, and from all the products of the disease to which any 
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out to the number of twenty or fifty, or even more, it may be 
accepted as practically certain that not the smallest portion o 
the morbid products from the body adheres to the bacilli, no 
can they contain anything of the kind in their interior, for thos 
first transplanted are no longer present, and their remot 
descendants have obtained the materials for their developmen | 
from the soil, the potato, upon which they grew. The bacil 
thus obtained by pure cultivations have consequently no kind . 
connection with the diseased animal from whose blood the fir 
cultivation was made, nor with the morbid products resulti 
from the chemical changes occurring in the animal. Yet th 
give rise to splenic fever of a fatal character in a healthy ani 
inoculated with them. The animal experimented on beco 
ill just as quickly and with the same symptoms as if it had 
inoculated with fresh anthracic blood, or as if it were suff 
from the spontaneous form of the disease; and in its blood’ 
found, as in the natural disease, countless bacilli, possessing { 
same characteristics as the well-known anthrax bacilli. In 
face of these facts, it is impossible to come to any other concl 
than that the splenic fever bacillus is the cause of the di 
aud not merely an accompaniment of it. Now splenic fever 
not always present the same clinical spectacle, it appears u 
different forms in different animals; in Man it may run 
course of a general infective disease without any striking 1 
changes; orit may remain purely local, being limited to 
spot on the skin, the intestine or larynx. Nevertheless, in 
case Where the specific bacilli are found at the seat of di 
we must regard them as the cause of the morbid conditio 
their pathogenic properties are well-known, and it is i 
ceivable that in the tissues of the same subject they sho 
present at one time as harmless parasites, at another ti 
pathogenic organisms. These conclusions are so unanswe 
that no one now opposes them, and science universally 
the bacillus anthracis as the cause both of the common 
splenic fever we are familiar with in our domestic animals, : 
also of the clinically different forms of the disease which o 
in man. 

In my investigations into the etiology of tubercle I | 
followed the method by which the parasitic nature of mpl 
fever was so effectually established. I first turned my atten. 
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and to ἃ watery solution of it caustic potash was added, so long 
a8 no precipitate formed, and so long as the fluid remained clear. 
For this purpose 1 c.cm. of a concentrated alcoholic solution of 
methylene blue was mixed with 200 c.cm. of distilled water and 
well shaken; to this 2 c.cm. of ἃ 10 per cent. solution of caustic 
potash was added, the mixture being repeatedly shaken. When 
cover-glass preparations were exposed to this staining fluid for 
twenty-four hours, very fine rod-like forms became apparent in the 
tubercular mass for the first time, having, as further observation 
showed, the power of multiplication and of spore formation, and 
hence belonging to the same group of organisms as the anthrax 
bacilli. It was incomparably more difficult to recognize these 
bacilli in sections, amongst the heaped up nuclei and masses of 
detritus, and an attempt was consequently made to render the 
tubercle-bacilli more evident by contrast-staining, according to 
the method by which Weigert succeeded in colouring splenic 
fever bacilli with one tint and the surrounding tissues with 
another. This object was attained by using a concentrated 
watery solution of vesuvin, with which the blue-stained cover- 
glass preparations and sections were treated until they appeared 
perfectly brown to the naked eye. Microscopic examination then 
showed that only the previously blue-stained cell-nuclei and 
detritus had become brown, while the tubercle-bacilli remained of a 
beautiful blue, and stood out clearly from their surroundings, so 
that they were easily recognized even amongst dense masses of 
nuclei. In the above process methylene blue does not colour the 
bacilli very deeply, and some practice is needed to demonstrate 
them successfully in all tubercular organs. 

Another method, by which the bacilli are very deeply stained, 
we owe to Ehrlich. I use it now exclusively, and recommend it 
highly to all who are beginning to work at the bacilli of tubercle. 
Ehrlich's method has of late undergone many modifications, and 
in some respects improvements, amongst which I would place 
Weigert's plan of mixing the solutions in definite proportions, 
and Rindfleisch's recommendation to hasten the staining process 
by warming the staining fluid. In describing minutely my own 
way of carrying out Ehrlich's process, I would by no means 
imply that it is necessarily the best, and that other modifications 
may not give quite as good results. As, however, the staining of 
tubercle-bacilli seems to present difficulties to many investigators, 
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have to deal with soft cheesy masses, which can be evenly and thinly 
spread by means of a needle or scalpel. More solid, crumbling, 
cheesy masses must be carefully crushed with the scalpel and 
distributed over the cover-glass by repeated manipulations. The 
preparation of ἃ hard tubercular nodule is still more difficult. It 
must be completely broken up and torn asunder on the cover- 
glass. Specimens of sputum, also, need a special method of 
preparation. It will not do to take any chance streak of mucus 
from the sputum, which consists not only of secretion from the 
diseased parts of the lungs, but also of that from the bronchial 
tubes, of saliva and mucus from the mouth and nose. We want 
to examine the secretion furnished by the diseased lung, and 
must therefore confine our attention to the ball-like yellowish 
masses, often to be found floating singly in the frothy viscous 
liquid, often, however, forming the greater part of the sputum. 

One of these yellowish tenacious masses must be brought to the 
edge of the fluid, and a small piece separated from it with a 
scalpel must be drawn up to the upper part of the inner surface 
of the glass. It can now be easily broken up and transferred in 
particles of any size to the cover-glass, where it must be spread 
out with the scalpel evenly and in a thin layer, any superfluous 
material being brought to the edge and removed by means of 
blotting paper. 

The layer must now be left till quite dry, when the cover- 
glass is exposed to & transient heat, in order to render the 
layer upon it insoluble in the watery fluids with which it is 
next to be brought in contact. The heating can be effected by 
placing the cover-glass for twenty minutes in a dry chamber 
αὖ ἃ temperature of 110? C., or by holding the cover-glass in 
forceps and passing it several times, not too quickly, through 
the flame of a spirit-lamp or gas, care being taken to keep the 
side on which the specimen lies uppermost, out of direct contact 
with the flame. It can easily be proved by the following 
experiment that careful heating such as this has no effect 
whatever on the bacteria, cells, &c., contained in the gpecimen. 
Taking a series of prepared cover-glasses, the first is not heated 
at all, the second is passed once through the flame, the third 
twice, and so on. They are then treated with staining fluids, 
and on examination no difference is seen between the colouring 
of the bacteria and cell-nuclei in the unheated specimen, and 
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be met with; a microtome is therefore almost indispensable. 
The sections are placed at once in the staining fluid and left 
there for at least twelve hours. An immersion of several days 
will do them no harm. 

Both the sections and cover-glass preparations, on being taken 
out of the staining fluid after the necessary time has elapsed, 
appear dark blue, almost black. All the tissues are stained 
about equally, and it is hardly possible to recognize the coarser 
structures. To render the preparation suitable for microscopic 
examination, much of the colour must be removed. This can 
be done in various ways. In my earlier attempts at staining 
with an alkaline solution of methylene blue, I found that 
the blue colour could be discharged from the tissue-elements 
by treatment with a solution of vesuvin. The same can be 
done with preparations stained after Ehrlich’s method. They 
must be washed in water, placed in a concentrated watery 
solution of vesuvin and moved about frequently in it, and 
finally transferred thence to alcohol, when they will be found 
to have lost the dark blue colour almost completely. Prepara- 
tions made by Ehrlich's method can, however, be more quickly 
. and effectually decolourized by treatment with dilute nitric acid. 
I have mentioned that this effect may be produced by other 
aniline dyes, such as the above-mentioned vesuvin, because by 
many the action of nitric acid is erroneously regarded as specific ; 
this, however, is not the case, for other acids have a similar power. 

Nitric acid diluted with two parts of water is generally used 
for decolourizing preparations. But there is no need to use it 
in such a concentrated form, and I have lately diluted the pure 
acid with three to four parts of water. It may be possible to 
carry the dilution still further. Care must be taken that no 
nitrous acid is present in the nitric acid. 

In speaking of the decolourization of specimens by nitric acid, 
I have followed the description given by Ehrlich. This de- 
scription applies also to the treatment of cover-glass preparations 
with nitric acid, when they are lightly stained, but ἃ deeper tint, 
which certainly gives better and more trustworthy results, is not 
entirely discharged by & few minutes exposure to the action of 
nitric acid, and sections which, as has been already said, must 
be left for some time in the staining fluid and deeply coloured, 
retain & tolerably dark tint after treatment with nitric acid. 
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bacili in relation to their surroundings in specimens so pre- 
pared. It ig also very difficult to discover single bacilli in tissues, 
the structure of which is much obscured by the peculiar mode 
of illumination presently to be considered, and it is therefore 
necessary to stain the nuclei of the tissue subsequently. In 
order to get the strongest possible contrast between the staining 
of the bacilli and cell-nuclei, a yellow or light brown stain 
is chosen when the bacilli are blue, and when they are red, 
green or blue is preferred for the tissue; in the first case 
vesuvin is best suited, in the second methylene blue. Both of 
these dyes must be used in weak solution, and the time of 
their aetion limited, the object being to obtain a sufficiently 
distinct colouration of the nuclei, without obscuring single 
bacilli by masses of deeply stained nuclei. For the contrast 
stain I am in the habit of using & watery solution of vesuvin 
freshly filtered, which remains transparent in a layer two 
centimeters deep. The cover-glass preparations are floated on the 
liquid, face downwards. Sections must be left in it for some 
minutes. It is not necessary that the sections should be per- 
fectly colourless when they are transferred from the alcohol to 
the vesuvin solution, as they have to be treated with alcohol 
again to remove water, and any blue colouring matter remaining 
is then dissolved out. 

From the vesuvin solution the preparations are again transferred 
- to 60 per cent. alcohol, and from this again to absolute alcohol. 
The further steps of the process need not be repeated, but I 
would recommend that oil of turpentine, or, still better, cedar oil, 
which does not dissolve the aniline dyes out of the specimens, 
should be used for clearing instead of oil of cloves. With regard to 
mounting, Canada balsam diluted with oil of turpentine appears 
to answer best. Very thick balsam, which has to be used warm, 
cannot be employed, as the heating would quickly decolourize the 
tubercle-bacilli. 

Cover-glass specimens can be examined as soon as the vesuvin 
solution has been washed off in water, or they may be allowed to 
dry, and then mounted in Canada balsam. Contrast staining 
is as a rule not required in examining sputum for tubercle- 
bacilli, so that preparations of sputum may be placed under the 
microscope immediately after treatment with nitric acid and 
alcohol. 
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Cover-glass specimens when rightly prepared ought to be so 
thin that the structure-picture is formed by a single layer of 
objects only, and attracts but little attention. These prepara- 
tions can therefore be examined simply in water, and a water- 
immersion objective will, in the absence of a more perfect 
glass, meet all requirements if the field is sufficiently lighted by 
means of a condenser. In sections, on the contrary, it is 
impossible to set aside the structure-picture of several super- 
imposed layers of tissue unless the preparation is placed in a 
highly refracting liquid to do away with the differences in 
refraction of the tissue-elements, and unless the full illuminating 
power of an Abbe’s condenser is utilized by means of the wide 
angular aperture of an oil-immersion lens. It is easy to con- 
vince oneself how indispensable the optical aids just mentioned 
are, by examining a section stained according to the foregoing 
directions, first in water with a dry or water-immersion objective 
and a relatively small diaphragm. Fine differences of colour, 
and consequently small stained bacteria, are hardly to be recog- 
nized under these cireumstances in tissues containing many 
nuclei. Sections mounted in glycerine are hardly any better, 
for the differences in refractive power of the tissue-elements are 
insufficiently and much too slowly equalized by the glycerine. A 
great improvement is effected when highly refracting liquids, 
such as oil of cloves, cedar oil, &c., are used for clearing the 
sections, for clarification really means the more or less complete 
obliteration of refractive differences, and therefore of the structure- 
picture. Even this is not enough to show the colour-images in 
all their clearness and sharpness; this can be accomplished only 
by means of the intense illumination from all sides furnished by 
an Abbe's condenser in conjunction with an oil-immersion lens. 
So if we wish to examine only cover-glass specimens, and do not 
require absolute certainty in the result, ἃ microscope with water- 
immersion objectives and without any illuminating apparatus 
will suffice. Dry objectives are not on the whole suitable for 
bacterial investigations. But if it is desired to conduct a trust- 
worthy examination for the smaller bacteria, or to form an 
independent opinion on the more recent results of bacterial 
research, recourse must be had to the best optical aids, oil- 
immersion lenses and an Abbe’s condenser. As to the mag- 
nifying power necessary in examining for tubercle-bacilli I may 
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the tubercle-bacilli will shortly be discovered.  Ehrlich's method 
has already undergone various modifications, of which the most 
important, from & theoretical point of view, is that brought 
forward by Ziehl, viz., the replacement of the aniline by other sub- 
stances, such as phenol, resorcin, &c. The statements of some 
authors that tubercle-bacilli can be stained also with pure fuchsin 
seem, likewise, to point to the existence of other means by which 
they may be successfully stained. The diagnostic importance of 
Ehrlich's process is in no way affected by the discovery of other 
methods not having an exclusive character, should such come to 
light. For the fact remains firmly established, in spite of every- 
thing, that when Ehrlich's method is strictly followed out, 
tubercle-bacilli behave in ἃ manner peculiar to themselves, and 
can thereby be distinguished from all hitherto known bacteria. 
The method is consequently of the same value as a chemical 
reaction which renders it possible to distinguish between sub- 
stances recognizable with difficulty, but it is only of value on the 
condition that certain definite rules are attended to. It would be 
particularly interesting to be able to stain the bacilli brown or 
yellow, as useful photographs of the tubercle-bacilli can only thus 
be obtained. I have recently succeeded in colouring the tubercle- 
bacilli of a fairly intense brown, by subjecting the preparations 
to preliminary treatment with very weak liquor potasss (4l; per 
1,000); but these preparations do not yet fulfil the requirements 
of photography. Let us hope that this difficulty may be over- 
come; but in the meantime I have been obliged to give up the 
idea of ἃ photographic representation, although I wished greatly 
to be able in this way to compare with certainty the tubercle- 
bacilli with other similar bacilli as to shape and size. 

A further deficiency in the present method of staining tubercle- 
bacili is the instability of the preparations. In specimens 
mounted in Canada balsam, the bacilli begin to lose their deep 
colour after & longer or shorter time, becoming by degrees more 
indistinct until at last they completely disappear. Preparations 
stained with methyl violet and gentian violet fade most quickly ; 
in some cases the colour of the bacilli has disappeared in two 
days. Specimens stained with fuchsin or an alkaline solution 
of methylene blue last much longer. "Why it is that the colour 
fades so quickly, when in the case of other bacteria staining with 
the same dyes will last for years, I cannot explain. But from 
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was first rendered visible, it seems natural now to portray the 
characteristics of the bacillus in the living state before it has 
been acted on by any reagents. Preparations for this purpose 
must be made from tubercular material containing considerable 
numbers of bacilli, because isolated bacilli cannot be distinguished 
with certainty in masses of detritus without the help of colour- 
reaction. I generally use recent tubercular nodules from the 
lungs of guinea-pigs, after convincing myself that plenty of 
tubercle-bacilli are present by examining stained specimens. 
The nodule is crushed in a drop of blood-serum free from bacteria, 
and the material distributed as finely as possible in the liquid; a 
sufficient quantity for microscopic examination is then spread 
out evenly on the under surface of a cover-glass, and fastened 
by means of vaseline over a glass cell in order to prevent 
disturbing currents in the liquid and too rapid evaporation. 

The ordinary microscopic examination, the illumination being 
suitably regulated by diaphragms, will reveal in a specimen 80 
prepared lighter places amongst the opaque masses of undefined 
granules where the formed elements are less closely packed, and 
here numerous colourless, very fine, short rods can be made out. 
They occur mostly in small groups; in the isolated rods no 
movement except the ordinary molecular motion is to be seen. 
The length of the rods is from a quarter to half the diameter of 
a red blood-corpuscle. No joints are perceptible, and by this 
method of examination it is impossible to determine their rela- 
tion to the surrounding cells, so that if the investigation were 
carried no further they might be looked upon as lifeless particles 
rather than as bacteria. 

If the cover-glass is now lifted off the hollow slide, and the 
liquid containing the bacilli allowed to dry on it and double- 
stained after the manner described above, the numerous granules 
and broken-down cells appear brown, while the rods are an 
intense blue, and are consequently clearly discernible from all 
recognized elements of the animal tissues among which they 
occur. The true number also of the bacilli is now seen; and 
they are found everywhere amongst close heaps of cells as well 
as in the thinner parts of the preparation. It is to be noticed 
that the rods appear thinner after staining, which is due to the 
fact that the unstained specimen had to be examined by 
light which had passed through a small opening, when inter- 
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not being so closely packed but that a section of ordinary 
thickness is sufficiently transparent to allow even the smallest 
formed elements in the intervals between the nuclei to be clearly 
distinguished. But the cheesy centres of the tubercular nodules 
in the specimens have quite an altered appearance; they are 
almost colourless and perfectly transparent, owing to the fact 
that the cells in those parts are dead and no longer stain; but 
here and there the remains of disintegrating nuclei are seen as 
groups of coloured granules, which are certainly sometimes 
closely packed, but even then allow of the recognition of all 
the formed elements. The conditions are similar in the larger 
cheesy foci. The cheesy substance itself becomes quite trans- 
parent by the process of preparation, and shows merely a light 
greyish-yellow colour interrupted by isolated brown granules or 
groups of granules. Each tubercle-bacillus can be easily dis- 
tinguished in it. The ordinary ideas of the microscopic appear- 
ances of tubercle and tuberculous tissue must therefore be 
modified in accordance with the conditions just mentioned, when 
specimens prepared by the nuclear method of staining and 
diffusely illuminated are examined or drawn. 

Amongst the characteristics of tubercle-bacilli in general, as 
seen in stained preparations, must be mentioned the following. 
They invariably appear in the form of small rods of the length 
(as before mentioned in the description of unstained specimens) 
of a quarter to half the diameter of a red blood-corpuscle (about 
0,0015—0,0085 mm.) Although their length varies their 
breadth is pretty constant, provided that the same method of 
staining is used. They appear thinner by my earlier method of 
staining with alkaline methylene blue than they do by Ehrlich's 
method. It is difficult to determine accurately the relative size 
of such small objects without the help of photography. In 
looking through a large number of my photographs of bacteria 
for bacilli which correspond to the tubercle-bacilli mogt closely 
as to size, I find in F. Cohn’s Bettrage zur Biologie der Pflanzen, 
vol. ii., part 8, amongst the photographs on Plate XV., No. 1, 
one of club-shaped bacilli with terminal spores, among which 
are very thin small bacilli which would be of about the same 
size as the tubercle-bacilli if the photograph were magnified 700 
instead of 500 times. Some of these bacilli contain spores, and 
give a fairly good idea of the appearance of the spore-bearing 
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death. The nuclei are beginning to disintegrate and be trans- 
formed into irregularly-shaped particles of very varying size. 
These become by degrees less numerous, until at last a homo- 
geneous mass is left which will not stain, and in which all the 
cells originally present are dead. This mass forms the cheesy 
centre formerly regarded as the essential part of tubercle in 
which the infective material resided. But this cheesy substance 
contains as a rule very few bacilli. Only when the death of the 
cells and their transformation into the cheesy mass destitute of 
nuclei take place very quickly, do the bacilli remain visible for 
a time in groups of any size. They evidently retain the power 
of fixing colouring matters longer than the cells whose destruc- 
tion they cause. But soon other changes take place in the 
bacilli; they also die, or pass on to the spore-forming stage, 
losing gradually their capability of staining. When this happens 
nothing is left of them in the cheesy substance but their spores, 
and as, up to the present, no means has been found of staining 
the spores of the tubercle-bacillus, their presence is revealed 
after the disappearance of the bacilli only by the infective pro- 
perties of the cheesy substance in which they are embedded. 
Owing to the importance which used: to be and quite lately has 
been erroneously attached to the cheesy products of the tuber- 
cular process, it may not be superfluous to again lay some stress 
upon the fact, that in all tubercular affections the tubercle-bacilli 
are the primary phenomena and are immediately inclosed by 
collections of cells, whilst the death of the cells with the result- 
ing cheesy transformation is a secondary process. The opinion 
still held by many that the relation between the tubercle-bacilli 
and caseation is the reverse of this, that caseation is the first 
step of the process and prepares a suitable soil for the tubercle- 
bacilli, is therefore altogether incorrect. For the anatomical 
comprehension of the tissue changes occurring as a result of the 
tuberculosis the process of caseation is of importance, but 
it has not the slightest etiological significance. The reproach 
has lately* been cast upon me that in my explanation of 
the etiology of tuberculosis I attached too little importance 
to the process of caseation ; it is not, however, well founded, and 
implies & misconception of the position I have taken up, which 


* Baumgarten, Ueber die Wege der tuberkulteen Infection, Zeitschr. f. Klin. Med.. 
vol, vi., Part I. 
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& brown background, as for example when they lie amongst 
nuclei stained brown, no longer appear blue, but more or less 
black. 

If the discovery of a single bacillus in a giant-cell presents 
occasionally some difficulties, bacilli occurring in large numbers 
in a giant-cell, on the other hand, offer a striking picture which 
cannot be passed over even under a low power. The giant-cells 
look in this case like little blue circles, surrounded by a brown 
wall composed of the nuclei of the cell. 

The arrangement of the bacilli within the giant-cells is often 
eharacteristic. When the nuclei of the giant-cell form a closed 
circle, and, for example, only one bacillus is present in the cell, 
it lies generally almost in the middle or only slightly to one 
side. But we often find the nuclei of a giant-cell, especially 
one of an oval or elongated form, collected together at one end, a 
unipolar arrangement in fact. In this case the bacillus is gene- 
rally in the part of the cell free from nuclei; often in an exactly 
opposite position to the nuclei, at the furthest point of the 
unoccupied pole. The idea involuntarily rises in the mind on 
seeing such giant-cells that there must be a kind of antagonism 
between the nuclei of the giant-cell and the parasites it contains, 
which causes them to remain as far apart as possible. This 
opposition between nuclei and bacilli is most striking when the 
nuclei of a giant-cell are grouped equatorially, and a bacillus 
takes up its position at each unoccupied pole, or where there 
is a bipolar arrangement of the nuclei and each group appears 
to hold a bacillus in check. 

When the number of the bacilh is increased this antagonistic 
grouping of the nuclei and bacilli may be apparent still (Plate L., 
fig. 2), but more often a different arrangement comes in. It 
seems as if, in proportion to their increase in number, the 
behaviour of the bacilli towards the nuclei became more actively 
hostile. They crowd more and more towards the periphery of the 
cell, push between the nuclei, and finally break through the wall 
formed by them (fig. 5). A further point to be noticed in their 
behaviour is that they place themselves at this stage constantly 
with their long axes at right angles to the surface of the giant- 
cell, so that when either the upper or under arched surface of 
the cell is viewed under the microscope the bacilli appear as 
dots; if the cell is focussed, the bacilli take the form of a 
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are taken up by the white blood-corpuscles. This occurs in the 
septicemia of the mouse, described by me in my Untersuchun- 
gen über die Aetiologie der Wundinfectionskrankheiten (cfr. 
op. cit. figs. 2 and 8). In this disease the bacilli of septice- 
mia, which closely resemble the tubercle-bacilli, appear likewise 
in the interior of the white blood-corpuscles, and in some few 
cases close to the nucleus; they then multiply very quickly in 
the cell, destroy the nucleus and burst the cell, and having 
become free are soon again taken up by other cells, only to work 
the same ruin, so that within a short time the majority of 
the white blood-corpuscles are found occupied by bacilli. As 
we shall see later, the tubercle-bacilli grow much more slowly 
than the bacilli of septicemia, and the cells containing them 
maintain their vitality much longer; hence the great difference 
in the further course of the two diseases, although the early stage 
of the invasion by bacteria in each is so very similar. 

Direct observation also seems to show that in the first place 
the tubercle-bacilli are seized upon and carried away by wander- 
ing cells. This can be best seen in cases where large numbers 
of bacilli are introduced immediately into the circulating blood, 
e.g., by injection into the auricular vein of a rabbit. If the 
animal be killed soon after infection, the blood is already found 
to contain numbers of white blood-corpuscles, inclosing one or 
more of the tubercle-bacilli, and further, here and there in the 
tissue of the lungs, liver and spleen, true round cells with 
single or divided nucleus are seen; they contain tubercle-bacilli, 
and not having as yet tuken on the epithelioid form, they exactly 
resemble white blood-corpuscles. It is hardly possible to find 
any other explanation of these cells than that they are wandering 
cells which have seized upon the bacilli in the circulating blood, 
and carried them away to the neighbouring tissue. The same 
phenomena are observed in guinea-pigs dying in the first week 
after the injection of large numbers of tubercle-bacilli into their 
peritoneal cavitics. 

A third justification of the above view seems to me contained 
in the fact that in perfectly dead tissues, and consequently in 
places where the influence of the living cells cannot reach the 
bacilli at all, the latter arrange themselves, when growing rapidly, 
in quite typical groups of the same peculiar form as that 
assumed by the colonies of bacteria in pure cultures on blood 
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bacilli in neighbouring giant-cells; I have also noticed cases 
where the giant-cell contains one deeply stained bacillus, and 
near it a second very faint one which might be overlooked with- 
out close attention ; further, I have sometimes met with spore- 
bearing bacilli in the interior of a giant-cell; from all which I 
conclude that the giant-cell is a tolerably lasting structure, while 
the bacilli on the contrary have, as a rule, a short life, and are 
able to maintain their position for any length of time in the 
giant-cells only by the appearance of a new generation to fill the 
places of the dying. Now and then they form spores in the 
interior of a giant-cell, and thus leave behind them the germs of 
a future race. But, often enough, the bacterial growth appears 
to die out of the cell, and the empty giant-cell then remains as a 
sign of the former presence of the bacilli. If, as is often the 
case, & considerable number of giant-cells occurs in a tubercular 
tissue, comparatively few of which contain bacilli, it is reasonable 
to suppose that many of the apparently empty giant-cells contain 
spores of the tubercle-bacillus, while others, on the contrary, 
represent the seat of former bacterial growth. One is tempted 
to institute a comparison with a volcanic region, in which, along 
with scattered, still active volcanoes, there is a large number of 
temporarily quiescent, or permanently extinct craters, the latter 
of which possess in their characteristic form infallible evidence of 
their former activity. 

We have already spoken of the fate of the giant-cells when the 
bacilli in them multiply rapidly. Then the result is exactly the 
opposite of that just described ; the giant-cell succumbs, ruptured 
by the bacilli pushing through the wall of nuclei. Its nuclei fall 
to pieces, break up into small particles, and the cell is destroyed. 

I will not now enter upon the question why it is that at one 
time the bacilli perish or remain for a long period limited to 
certain spots, passing away their existence without any extensive 
growth, while at another they multiply greatly, and all the cell 
elements in their neighbourhood are rapidly destroyed. Only 
hypotheses can as yet be brought forward, and I shall return to 
the subject later. 

The further changes which take place in tubercular tissues 
after the development of epithelioid and giant-cells are all of a 
retrogressive nature. They mostly belong to the sphere of the 
coagulation necroses (to use Weigert’s term), and lead to the 
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spaces. Under the highest powers it can be made out that the 
tubercle-bacillus when containing spores presents exactly the 
same appearance as the anthrax bacillus at the same stage, only 
on a much smaller scale. The spores are oval, bounded by a 
fine coloured line, from two to six being usually present in a 
single bacillus. As each spore occupies a segment, we can 
judge from the number of spores how many segments, or distinct 
elements, go to form the bacillus. If a substance containing 
spore-bearing tubercle-bacilli is examined in an unstained con- 
dition in a less highly refracting medium, the bacilli seem to be 
beset with small highly refracting bodies ; these must therefore be 
true spores and not vacuoles or simple gaps in the protoplasm 
of the bacillus. 

* After these remarks on the general features of the tubercle- 
bacilli, I will turn to the description of their behaviour in the 
different tuberculous processes. / 


fo 


A.—TUBERCULOSIS IN MAN. 


1, Miliary Tuberculosis. 


Nineteen cases were examined in which tubercle, in the form of 
miliary or submiliary grey nodules, usually with white or slightly 
yellow centres, affected several organs—lungs, brain, liver, spleen 
and kidneys. In no case were bacilli absent from the nodules. The 
smaller and more recent the granulation, the more abundant 
were the bacilli, particularly in the centre. As soon as the 
middle of the nodule refuses to stain, showing caseation to have 
begun, the number of bacilli decreases. In the larger nodules, 
where extensive caseation had already taken place in the centre, 
few bacilli were to be seen, and those only between the nuclei of 
the epithelioid cells in the periphery of the nodule. Occasionally 
single bacilli or groups of bacilli could be made out in the giant- 
cells occurring at the margin of the cheesy focus (cfr. Plate 
L, fig. 2). A remarkable phenomenon noticed frequently in 
chronie processes in the lungs, is the occurrence in most of the 
giant-cells of black pigment granules near which bacilli can often 
still be clearly made out (cfr. fig. 2). I have not observed 
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I have to thank Professor Weigert for the only specimen of 
tuberculosis of the choroid I was able to obtain for examination. 
Here also were foci without any nuclei, showing complete 
easeation, surrounded by large giant-cells and many epithelioid 
cells. Partly within the giant-cells, partly outside them among 
the epithelioid-cells, were a fair number of tubercle-bacilli. 

In every case, with one exception, old caseous masses were 
found, and chiefly in the lungs and bronchial glands. Where 
it was possible to carry out an examination, tubercle-bacilli were 
demonstrated also in these masses, which must be regarded as the 
starting points of the miliary tuberculosis.  Bacilli were often 
found distributed sparingly in the periphery of the cheesy foci, 
but occasionally dense masses of them were met with. 

It would take too long for me to give a detailed account of 
all the cases of miliary tuberculosis I examined, I shall therefore 
select a few that are specially characteristic. 

1. Labourer. Age 86. Powerful man, in good health up to 
fourteen days before admission to hospital. Fell ill with cough, 
pain in chest and moderate fever. The symptoms observed in 
hospital were not at all typical, and resembled those of catarrhal 
pneumonia. Patient sank rapidly with increasing dyspnoea, and 
died four days after admission. Extract from record of P.M.: 
Pleura on either side studded with numerous miliary nodules. 
Both lungs infiltrated, of greyish-red colour, with very many 
miliary grey nodules, the larger of which show central caseation. 
Heart—endocardium of conus arteriosus shows several sub- 
miliary grey nodules; at free margin of mitral orifice eruption of 
hard miliary tubercles as large as peas. Spleen twice the normal 
size; in the deep red pulp numerous grey miliary nodules. In 
the liver only a few nodules. Numerous grey miliary nodules in 
the medulla and cortex of both kidneys; pelvis of right dilated ; 
shows two tubercular ulcers, 14 to 2 ctm. in diameter; in one 
papilla a cheesy deposit of the size of a hazel-nut. Bladder 
normal. In prostate some cheesy deposits. In urethra numerous 
miliary nodules. Caseation of the epididymis, with softening in 
some places. Depressed scars in scrotum. In testicle itself 
numerous grey granulations. Thoracic duct dilated; cheesy 
thickening of wall at several places, also a few ulcers. 

There was here, evidently, chronic tuberculosis of the genito- 
urinary organs, followed by tuberculosis of the thoracic duct, 
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the kidneys. Round the vessels at the base of the brain slight 
opacity and ἃ great number of grey nodules. 

In the tubercles in the lungs, liver, spleen and kidneys bacilli 
were found in varying numbers. They abounded in the tubercles 
of the pia mater. Fig. 1 represents a specimen from the brain. 
It shows & part of the coats (a intima, b media, c adventitia) 
and surroundings of ἃ small artery, the spindle-shaped enlarge- 
ment of which is due to accumulation of epithelioid-cells. 
Between the latter, tubercle-bacilli are lying. 

Considerable quantities of bacili were found in ihe cheesy 
bronchial glands in this case, and that not only at the margin of 
the cheesy area but extending also some distance into the interior. 
Those parts of the gland tissue that had not yet undergone 
necrosis contained many giant-cells which were remarkable also 
for the number of radially arranged tubercle-bacilli which they 
contained. The tubercular process had evidently begun in 
the bronchial glands only shortly before death and had spread 
rapidly. The tissue of the glands had soon necrosed and 
softened under the influence of the numerous tubercle-bacilli. 
In some part or other ἃ rupture must have taken place into 
the interior of ἃ blood-vessel, leading to the passage of con- 
siderable quantities of bacilli into the blood-stream, and so 
causing ἃ general eruption of miliary tubercles. The seat 
of rupture could not, however, be found in this case. The 
following example will show that its discovery is not always 
an easy matter. 

4. À powerful man, aged 80, died after three weeks' illness 
with typhoid symptoms. At the P.M. many grey granulations 
were found in the lungs, liver and kidneys, as well as in the 
greatly enlarged spleen. The bronchial glands were swollen 
and of medullary consistence, but not caseous. No old cheesy 
masses could be discovered in spite of the most careful search, 
so that one hesitated to make the diagnosis of miliary tuker- 
culosis. There were no changes in the intestine or mesenteric 
glands. 

Microscopic examination gave the following remarkable result. 
Sections of the bronchial glands showed extensive areas, free 
from nuclei, but thickly strewn with black pigment-granules and 
numerous fragments of broken-down nuclei, containing also 
swarms of tubercle-bacilli. The latter were collected in such 
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bacilli brown. Another example of mixed infection is to be 
seen in the presence of colonies of micrococci in typhoid fever. 
Further, Brieger and Ehrlich* drew attention to a combination 
of typhoid fever and malignant cedema, and they were the first to 
use the very suitable term ‘‘ Mischinfektion.’’ Such a mixed 
infection is evidently present in the case before our notice. The 
primary infection was shown in tubercular disease of the bronchial 
glands, which led to general miliary tuberculosis owing to the 
capid multiplication of the bacilli and their penetration into the 
arteries. It was not till this disease had progressed to some 
extent, so that the strength of the patient was much diminished 
and a suitable soil probably thus prepared for the invasion of 
the micrococci, that they made their entrance, as it would seem, 
by an ulcerating sore on the tongue, and in conjunction with the 
miliary tuberculosis brought the man's life to ἃ speedy close. . 

À similar combination of tubercle-bacilli in miliary tubercle of 
the lungs and microcci giving rise to emboli in the neighbouring 
vessels was observed also by Watson Cheyne,t and we are justified 
in concluding that, if looked out for, this kind of mixed infection 
will be found tolerably often. 

I wil now give ἃ short sketch of the other cases of miliary 
tuberculosis which I examined. 

5. Boy. Age 8. Cheesy bronchial glands, numerous miliary 
tubercles in lungs, spleen, liver and kidneys. The nodules in 
the lung had all of them large cheesy centres free from nuclei, 
only in the peripheral parts of which small isolated groups of 
bacilli were present. Tubercle-bacilli were found also in some 
giant-cells at the edge of the cheesy area. In the spleen, too, 
were giant-cells containing bacilli. No bacilli discovered in the 
nodules of the liver and kidneys. Large numbers in the 
bronchial glands, arranged in nests. 

6. Powerful, well-nourished man. Age 34. Cough for about 
three weeks before admission. Rather high fever, signs of 
broncho-pneumonia. Cerebral symptoms soon set in; ophthal- 
moscope showed tubercle of choroid. Death fourteen days after 
admission. Confluent cheesy foci in apices of both lungs; 
fairly large, but not very widely distributed miliary tubercles in 
lungs, liver and spleen; bronchial glands cheesy. Only a few 


* Berl. Klin. Wochenschrift, 1882, No. 44. 
t+ The Practitioner, vol. xxx., No. IV. (April, 1883), p. 295. 
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eight days before admission. First examination detected 
bronchitic symptoms and dyspnea, which increased in severity. 
Death two and a half weeks later. Cheesy infiltration of upper 
lobe of right lung. Caseation of bronchial glands. Numerous 
miliary tubercles in peritoneum, diaphragm and spleen. 
Tubercular meningitis. Many tubercle-bacilli present in the 
meningeal tubercles. Nests of bacilli in the cheesy parts of 
the. lungs and in the bronchial glands. Single bacilli in the 
tubercles of the peritoneum and diaphragm, occurring exclusively 
in giant-cells. A fair number of bacilli in the tubercles of the 
spleen. 


2. Pulmonary Phthisis. 


Twenty-nine cases were examined, and tubercle-bacilli found 
in all. The number of bacilli was subject indeed to considerable 
variation, but here, as in miliary tuberculosis, it was possible to 
recognize some relation between the number of bacilli and the 
extent of the phthisical process, for the bacilli were most abun- 
dant where there was recent caseous infiltration, and in the 
interior of cavities the walls of which were undergoing rapid 
softening. Bacilli were met with more sparingly in cavities 
with firm indurated walls. There were fewest in the cicatricial, 
contracting and much pigmented lung-tissues. The smaller 
their number, the more did they seem limited to the interior of 
giant-cells. It must not, however, be supposed that in each 
case the distribution of bacilli is uniform, that one phthisical 
lung shows in all parts large quantities of bacilli, another on 
the contrary only isolated examples. This is sometimes the 
case, but more often it is found that in the same lung there are 
extensive tracts quite free from bacilli, while spots here and 
there contain closely packed nests of them. For instance, 
cavities of some extent may appear almost or quite destitute of 
bacilli until, on examining further, one lights suddenly on one 
or more nests of tubercle-bacilli situated either in a hidden 
lateral recess or close to the wall of the cavity, but not yet 
broken down into it. Here they may be so numerous as to 
show a dark blue spot even under a low power. Hence it follows 
that in investigating phthisical lungs it is not enough to 
examine several sections of any one part, ¢.g., a piece of the 
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so prevented from penetrating more quickly into the tissues 
adjoining the infected spot. The bacili meanwhile do not 
perish in the cell-infiltration, but induce, as in miliary tubercle, 
necrosis and caseation of the centre of the cell-mass. The 
beginning of the phthisical process, if it could be examined in 
this stage, would resemble exactly what is found in a miliary 
tubercle. The nodule increases by degrees in size, and becomes 
more and more unlike the miliary tubercle. The analogue of 
this stage is to be found, however, in those not very rare cases 
of large solitary tubercles which do not always occur singly, 
but may also appear in some numbers distributed in different 
organs. These also I am inclined to regard as developed out 
of separate miliary tubercles, their number being so small that 
they do not, as in general miliary tuberculosis, lead to the 
speedy death of their host; they thus have time for further 
growth, and may finally grow to cheesy masses of considerable 
size. Apparently the phthisical process develops in the same 
manner, starting from a miliary nodule and ending in forming 
& caseous area which is constantly increasing in extent. The 
conditions in the lung are, however, of a peculiar nature, because 
the increasing cheesy area does not remain completely inclosed, 
but sooner or later makes its way into & bronchus, discharges 
its contents, and is thus transformed into a cavity. The further 
extension of the cavity goes on very irregularly according as the 
growth of the bacilli at various parts ceases altogether for ἃ 
longer or shorter time or advances, and correspondingly cicatrices 
or fresh excavations are formed. But on the whole the cavity, 
however large and irregular it may be, has the essential cha- 
racteristics of the tubercular caseous focus ; necrosed masses in 
the interior bounded externally by nests of epithelioid cells with 
interspersed giant-cells containing numerous bacilli. The only 
difference lies in the fact that, in cavities, tubercle-bacilli are 
found also within the necrosed mass in relatively large numbers, 
which is not generally the case with cheesy foci which remain 
encapsuled. The reason probably is that there is a constant 
removal of the dead material which has been, so to speak, ex- 
hausted by the growth of the tubercle-bacilli, and the secretion 
from the walls of the cavity provides constantly a fresh nutritive 
material for them. 

The above would be the course taken by the ordinary chronic 
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thus reaching the bronchial glands and setting up secondary 
tubercular changes in them. But far the most frequent mode in 
which the bacilli reach and establish themselves in other parts 
is by passing from cavities into the air-passages. Then they 
very often take up their abode in other parts of the air-passages, 
preferably in the larynx. If the sputum is swallowed they may 
attack the intestinal canal. 

But the ordinary course of phthisis is most powerfully in- 
fluenced when pus from a cavity containing bacilli is about to be 
expelled through the bronchi, and owing to some unfortunate inter- 
ruption to the movements of respiration is reinhaled and carried 
into hitherto healthy parts of the lung. If only a small quantity 
with few bacilli is inhaled it can lead to the formation of only 
proportionately few fresh centres of infection. Their situation 
will correspond with the course of the inhaled material in which 
the bacilli were contained, and will be either in the immediate 
neighbourhood of the parent focus or far removed from it, 
possibly in the hitherto sound lung. They will develop by 
degrees, like the first tubercular centre, from a very small 
beginning into cavities. But if, as is not very rare apparently, a 
larger quantity of the contents of a cavity rich in bacilli is inhaled, 
and extensive portions of the lung are suddenly saturated to 
some extent with the infective material, no formation of separate 
tubercular nodules takes place, but we get tubercular infiltrations, 
which show immediately by their lobular and even lobar distri- 
bution that they started from the bronchi. 

The entrance of the tubercle-bacilli in large numbers results, 
further, in extensive and relatively rapid necrosis of the cell- 
elements of the affected tissue instead of in the formation of 
those sequestrated accumulations of cells, with the production of 
giant-cells, which form around bacilli when they invade the lung- 
tissue in small numbers. Consequently caseation of large tracts 
follows, with, in many places, rapid softening of the tissue and 
development of cavities of a different character from those already 
described. 

Whilst the latter possess hard firm walls in which giant-cells 
and a few tubercle-bacilli exist, the walls of cavities resulting 
from the breaking down of extensively caseous lung-tissue 
are pervaded by a dense growth of bacilli; they do not consist 
of thickened indurated tissue, which softens but slowly under 
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connected with other lung diseases, and their demonstration 
may, consequently, be regarded as an infallible diagnostic sign of 
tubercular affections of the lungs. 

Often the bacilli are present in the sputum in considerable 
quantity. Apparently these are always cases in which rapid 
softening of parts of the lung that have undergone caseous 
infiltration is taking place, and in which the secretion from the 
walls of cavities, such as is represented in fig. 4, is mingled 
with the sputum. The familiar cheesy fragments which have 
been long known as characteristic ingredients of phthisical 
sputum consist almost entirely of masses of bacilli, We may 
account for the origin of these, cheesy particles by supposing 
that compact masses of bacilli, such as we sometimes meet with 
on the inner wall of a cavity (fig. 4), become detached as 8 
whole, and are borne away by the secretion from the cavity. Very 
often, however, one meets with cases where the sputum is very 
poor in bacilli, and a series of preparations must be examined, and 
the examination repeated on several successive days, before any 
bacilli can be discovered. The observations on sputa carried on 
for a considerable time by Gaffky* in a number of cases of phthisis 
give the best idea of the frequency of bacilli in phthisical sputa. 

The bacilli in the sputum very often contain spores, and this 
seems to be the case especially when the bacilli can deveiop 
freely and plentifully, as for example in caseous infiltration. This 
particular circumstance is of the highest importance for the 
etiology of tuberculosis, and we shall have ta return to it later. 

As the sputum is always more or less mixed with saliva, it 
contains, together with tubercle-bacilli, other forms of bacteria in 
number and variety of forms corresponding to the amount of 
saliva and buccal mucus present. 

If sputum is kept for some time in a vessel the tubercle- 
bacilli remain unchanged, both as regards number and behaviour 
with staining reagents. The other bacteria, on the contrary, 
multiply very rapidly, new forms enter from the air or as chance 
impurities, and regular putrefaction very soon takes place. 
Microscopic examination then reveals numberless bacteria of the 
most different forms, but up to the present I have never found 
any, either of those from the cavity of the mouth occurring in 
fresh sputum, or of those present in putrefying sputum, which 

* Mitheilungen aus dem Kaiserlichen Gesundheitsamte, vol. ii, 
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getting also pieces of small intestine where tubercular ulceration 
had taken place, and some caseous mesenteric glands.  Fre- 
quently the ulcers in the small intestine were surrounded by ἃ 
recent eruption of tubercles following the course of the lymphatics. 
The tubercles were in some nodules so rich in tubercle-bacilli that 
blue spots were seen even under a low power. In the remain- 
ing cases of intestinal tuberculosis, the bacilli comported them- 
selves in the same way as those of which representations are 
given. They were present constantly in large numbers, and 
were found most abundantly in the nodules furthest from the 
centre, and, therefore, the most recent. 

In the mesenteric glands corresponding to these lesions tubercle- 
bacilli occurred always in dense masses, chiefly at the periphery 
οὗ the caseous parts. 

As far as I have been able to judge from the material at hand 
for investigation, the bacilli appear to find in the intestine con- 
ditions more favourable for their development than are usually 
present in the lung. Hence it will cause no surprise that 
tubercle-bacilli are present, and that in relatively large quantities, 
in the evacuations of phthisical patients with tubercular ulcera- 
tion of the intestine, as Lichtheim was the first to discover. 
Among the numerous, principally rod-shaped bacteria of the 
intestinal contents the microscopical demonstration of tubercle- 
bacili would have been almost impossible, had it not been for 
their characteristic peculiarities of staining, which are more 
than ever valuable under conditions such as the above. Fig. 7 
. represents a cover-glass preparation containing tubercle-bacilli 
taken from the evacuations of a phthisical patient, where tubercular 
ulceration was demonstrated in the intestine after death some 
weeks later. As the certainty of proof of the presence of bacilli 
in the evacuations has been called in question in many quarters, 
I requested Dr. Gaffky to make a series of observations on this 
point. The results obtained showed that neither in the evacua- 
tions of healthy subjects, nor in those of patients suffering from 
non-tubercular disease, was any kind of bacterium present which 
stained like the tubercle-bacilus. The presence of tubercle- 
bacili could not be demonstrated in the evacuations of all 
phthisical patients having bacilli in their sputum, which were 
examined with special regard to this point; but they were always 
found in phthisical cases where distinct symptoms of ulceration 
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lung partially adherent, several communicating cavities in both 
upper and lower lobes. Right lung also adherent, large ramify- 
ing cavity in upper lobe, several smaller ones in middle lobe. No 
tubercular changes in spleen, liver or kidneys. Microscopic 
examination showed only ἃ moderate number of bacilli in the 
contents of the cavities. In the neighbourhood of the firm walls 
of the cavities giant-cells were grouped round small foci, in which 
nuclei were absent, and most of them contained tubercle-bacilli. 

2. Man. Age 28. Mother apparently suffered from phthisis. 
In hospital a year ago for pleurisy. Repeated hemoptysis, also 
diarrhea, for several months. On admission, thin, anemic; 
dulness and bronchial breathing over right apex; cough with 
purulent expectoration. Death after four months. In right 
lung large cavities with walls, indurated in some places, in others 
caseous.  Tubercular ulceration of vocal cords. Commencing 
amyloid degeneration of spleen. Numerous ulcers in the intestine. 
Enlargement and caseation of the mesenteric glands. Tubercle- 
bacilli found in relatively small numbers in contents of cavities 
and in lung-tissue, in large quantities in floor of intestinal ulcers 
and in caseous mesenteric glands. 

8. Labourer. Age 43. Fairly powerful build. No heredity 
discovered. Cough, expectoration and increasing weakness for 
three months. Disease has gained ground latterly; dyspnoa 
especially increased. Death after twelve days in hospital. P.M.: 
in both apices cavities of moderate size, extensive caseous 
infiltration with softening and formation of cavities in places 
in the middle and lower parts of the lung. Ulceration in 
larynx. Large numbers of bacilli in the cavities and in the 
lung-tissue where caseous infiltration had taken place. 

4. Man. Age 82. No hereditary taint. Illness said to be of 
four weeks’ duration. On admission anemic, emaciated. Death 
after six weeks’ stay in hospital. In both lungs numerous 
cavities of various sizes, round which for some distance was 
caseous infiltration. A few smaller cavities situated more 
externally, forming slight projections on the surface; they were 
used for obtaining pure cultivations. Fig. 4 belongs to this 
case. 

b. Servant girl. Age 19. Mother died of phthisis. Cough for 
one year. Of feeble build, emaciated, short of breath, and sweats 
profusely. Death after seven weeks’ stay in hospital. In upper 
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have to refer to this case later, and shall then explain why the 
microscopie examination had a negative issue. 


4. Scrofulous Glands. 


For the scrofulous glands which I examined I have chiefly 
to thank Herr Geheimrath Bardeleben, who placed them at 
my disposal as soon as they were extirpated. In all, twenty-one 
cases were examined in which the glands were evidently tuber- 
cular. I understand by this term the presence of epithelioid- 
cells grouped together in masses and inclosing a greater or less 
number of giant-cells. With few exceptions, in which necrosis 
and caseation of the diseased gland-tissue had not yet set in, 
these nests of epithelioid-cells were in close proximity to the 
cheesy deposits present, and formed their immediate covering. 
Tubercle-bacilli could be found only in glands where this tuber- 
cular structure was to be seen. In several cases, on the con- 
trary, where the glands were enlarged, softened in places, and 
contained collections of pus, but no epithelioid or giant-cells 
and no necrosed tissue, bacilli were altogether wanting. 

The tubercular, i.e., scrofulous, glands examined were obtained 
from twenty-one different patients. Of these, eleven were between 
the ages of 10 and 20; seven between 20 and 30; and three 
others aged 37, 89 and 8, respectively. As to situation, fifteen 
were in the neck and submaxillary region, three in the sub- 
occipital region, two in the axilla, and one in the neighbourhood 
of the elbow; in the latter case, a boy of 3 years old, there 
was also caries of the wrist on the same side. In three cases 
recurrence had taken place after the first operation and necessi- 
tated a second removal of glands. In many of these cases a 
phthisical family history was given. 

The relative number of tubercle-bacilli present in the tuber- 
cular glands was pretty constant in the interior of the cheesy 
centres. I found bacilli in only two cases, and then they were 
very few. Between the epithelioid-cells also bacilli were ex- 
ceptionally present, and then only very few. Among the giant- 
cells, on the other hand, some constantly, and a good number 
occasionally contained one or two tubercle-bacilli. In scrofulous 
glands I did not succeed in finding the giant-cells with numerous 
bacilli which are so frequent in bronchial and mesenteric glands. 
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Bacilli could be demonstrated in all these cases. Only in 
the pus from the abscess due to vertebral caries tubercle-bacilli 
could not be found. But inoculation with this pus gave a 
positive result, like the pus from a tubercular renal abscess 
mentioned above. 


6. Lupus. 


After the anatomical investigations of Friedlinder, and the 
positive results of inoculation obtained by Huter and Schuller, 
it seemed probable that lupus too belonged to the group of true 
tubercular diseases. I therefore accepted the opportunity offered 
me by Herr Direktor Hahn, Professor Kuster and Professor 
Lewin soon after my first publication on the etiology of tuber- 
culosis, and examined a number of cases of lupus in order to obtain 
some certainty on this point. 

Seven cases were investigated, all of which had been marked 
by the most definite symptoms, and had been under observation 
in hospital for some length of time so that there could be no 
doubt about the correctness of the diagnosis. From four of 
these cases I obtained excised pieces of skin, from the remaining 
three, scrapings of the lupoid growth. The excised portions of 
skin were alone suitable for direct microscopic examination. 
Tubercle-bacilli were found in all four cases, though only sparingly 
distributed in each, and that within the giant-cells. They occur 
so far apart in lupoid tissue that in two cases they were not 
found till at one time 27, and another time 48 sections had 
been looked through. But it happened repeatedly that when 
not a single bacillus had been observed in a series of sections, 
I came upon several sections one after another where one to 
three bacilli were present. In lupus I have never seen more 
than one bacillus in a giant-cell. 

I may remark here that all seven cases furnished material fo 
inoculation of the anterior chamber of the eye in rabbits, result- 
ing, without exception, in tuberculosis of the iris, and, where the 
animals were allowed to live for some time, in the development 
of general tuberculosis with numerous tubercle-bacilli in the 
tubercles. From one case (excision of a portion of the skin of 
the cheek in a boy of 10 with lupus hypertrophicus) I succeeded | 
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softening and formation of a thin puriform secretion (tubercle 
in the monkey), in a third to transformation into pappy cheesy 
material (human tuberculosis), in a fourth to simultaneous 
calcification and caseation (perlsucht of cattle), in yet another to 
the formation of tough tumours containing chalky concretions 
(tuberculosis of fowls), &c. The primary changes in all these 
cases are precisely similar histologically. Suppuration in 
different animals presents somewhat parallel varieties. Thus 
pus due to simple inflammation in a rabbit or fowl has 
properties quite different from those of pus of Man; yet no 
one speaks, in this case, of different kinds of suppuration. 

For brevity I shall give only a short description of the different 
forms of tuberculosis of animals. 


1. Bovine Tuberculosis. 


Bovine tuberculosis almost always runs its course with the 
formation of nodules which do not exactly undergo caseation and 
break down, but calcify, lying together in such masses that they 
may at length form large tumours. There may be at the same 
time extensive firm caseous infiltrations of the lung-tissue, and 
cavities in the lungs filled with pappy cheesy masses. 

Four cases of the kind last mentioned were examined. The 
cheesy contents were of such consistence that they could be 
squeezed out of the cavities, when these were cut into, as 
sausage-shaped masses. The cavities themselves appeared to 
have had their origin in dilated bronchi; in their walls were a 
good number of giant-cells, some of which contained one or 
more tubercle-bacilli. The cheesy mass had infective properties, 
as the results of inoculation with it proved, but no bacilli could 
be discovered in it. At those places where the bronchiectasic 
cavities approached the surface of the lung the ordinary pearl 
nodules were frequently found on the pleura, showing the close 
relationship of the pulmonary with the ordinary form of bovine 
tuberculosis. | 

Of the common form, eleven cases were examined, where the 
development of the pearl nodules was not limited to the lungs 
but extended also to the diaphragm, peritoneum and omentum. 
In several cases the mesenteric glands showed tubercular 
changes, and were filled with firm cheesy deposits. Tubercle- 
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2. Equine Tuberculosis. 


Four cases were investigated. I did not get all the organs to 
examine, but it was easy to see that tuberculosis in the horse 
holds a middle place between bovine and human tuberculosis. 
The tubercular new formations in the peritoneum and omentum 
bore the greatest resemblance, in places, to the pearl nodules 
of cattle, whilst in the same cases the lungs were filled with 
extremely numerous miliary tubercles which gave to the surfaces 
of section appearances exactly similar to those of & human lung 
attacked by miliary tuberculosis. In one case the way in which 
the tubercular virus had entered the blood-stream and set up 
miliary tuberculosis could be seen. The rctro-peritoneal glands 
were here transformed into a large tumour, containing firm 
cheesy collections, which partly surrounded the inferior vena 
cava, and formed irregular projections into the interior of the 
vessel Sections taken through this mass of glands, and par- 
ticularly through the nodules projecting into the vena cava, 
contained enormous quantities of tubercle-bacilli, partly free, 
partly distributed in the numerous giant-cells. Many of the 
protuberances were softened on the surface, and had evidently 
thrown ἃ great number of tubercle-bacilli into the blood of 
the vena cava. Miliary tuberculosis, therefore, arose here in 
the way pointed out by Weigert as occurring in the human 
subject. 

In the remaining cases of equine tuberculosis tubercle-bacilli 
were found in the nodules of the peritoneum and omentum, in 
the enormously enlarged bronchial glands, and in the tubercles 
of the lungs, liver and spleen; here and there they were present 
in large numbers. 


8. Tuberculosis of Swine. 


The disease seems relatively very common. Caseous changes 
in the lymphatic glands of the neck, which are probably always 
of ἃ tubercular character, occur frequently in swine. In four 
cases where I examined the glands I found numerous tubercle- 
bacilli in each, some free, others in giant-cells. 

Further, in swine a peculiar form of caseous pneumonia occurs, 


when lobular greyish red or greyish-yellow masses form through- 
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b. Tuberculosis of Fowls. 


This disease usually occurs endemically, and sometimes destroys 
almost every fowl in a poultry yard. In the intestine and liver 
of the diseased birds are found a varying number of knobby, or 
sometimes quite smooth tumours, in size varying from that of ἃ 
pea up to à walnut. In one of the cases examined there was a 
mass in the liver almost as large as a small apple. These 
tumours are of firm consistence, look whitish ‘in section with 
yellowish spots, and are partially calcified at the yellow parts. 
In one case tubercular nodules almost as large as a hemp-seed 
were found in the marrow of the long hollow bones. All these 
tubercles were extremely rich in tubercle-bacilli, which were 
collected chiefly in the immediate neighbourhood of the calcified 
parts. In the intestinal nodules the tubercle-bacillh could be 
followed as far as the intestinal villi, and it is therefore not 
improbable that they made their way from the intestine into the 
more internal organs, particularly as only once were a few small 
nodules found in the lungs. On the other hand it may be 
concluded from this discovery that the bacilli, as in intestinal 
tuberculosis in man, pass out in the excreta and so give rise to 
further infection. ᾿ 


6. Tuberculosis of Monkeys. 


Tuberculosis in the monkey presents in many ways a different 
aspect from the same disease in Man. It does not generally 
remain confined for long to one organ, but early spreads over 
the whole body. When this is the case it does not appear under 
the form of numerous nodules of uniform size, like human 
miliary tuberculosis, but leads to the formation of a larger or 
smaller number of tubercular foci of various sizes containing, 
especially in the liver, spleen and glands, instead of the firm 
cheesy substance found in tubercular centres in the human 
subject, rather thin pus, so that they look more like multiple 
abscesses than tubercles. We see also cases where the 
typical form of grey tubercle with a yellowish centre occurs 
in the lungs, pleura and omentum. But here, again, the 
tubercles are of very varying size and give one the idea that, 
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in the monkey, the tubercular virus is not distributed once for 
all, as is the case in human miliary tuberculosis, but con- 
tinuously and only in small quantities at a timc. 

I examined eight tubercular monkeys. In all the disease 
had arisen spontaneously, and the earliest infective focus in 
each appeared to have been in the lung. Only in one case 
had the tuberculosis originated in the nasal cavity. An ulcer 
had formed in the nasal passages, occasioned probably by a 
scratch of the nostril, and had spread slowly to the septum and 
turbinated bones. The submaxillary lymphatic glands enlarged 
and suppurated. The animal, which had been brisk and strong 
up to that time, then began to suffer from dyspnea and to lose 
flesh. The necropsy revealed very numerous tubercles of varying 
size in the lungs, spleen, liver, and omentum. 

In every case tubercle-bacilli were demonstrated in the tuber- 
cles of the most different organs. But the bacilli were not very 
abundant. 


7. Spontaneous Tuberculosis in Guinea-pigs and Rabbits. 


Out of many hundreds of guinea-pigs and rabbits bought for 
purposes of research upon which autopsies were performed 
after the desired experiments had been carried out, there was 
not a single animal which was tubercular. It was not until 
attempts at infection by means of tubercular substances had been 
made and a large number of tubercular animals placed in separato 
cages, but in the same room with other animals used for scientific 
purposes, that solitary cases of spontaneous tuberculosis arose in 
the latter. But distinct symptoms of tuberculosis rarely appeared 
in these animals till they had been associated with tubercular 
animals for three or four months in the same room. It was 
very remarkable also that when the number of artificially infected 
animals decreased, tho cases of spontaneous tuberculosis became 
correspondingly fewer, aud vice versd. During a long period, 
when but few tubercular animals were kept in the chamber for 
animals experimented on, no case of spontaneous tuberculosis 
oceurred among the many guinea-pigs and rabbits there. 

The changes found in animals that died of spontaneous tuber- 
culosis are characteristically different from those where tho 
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extent those found in phthisis of Man. But the infection docs 
not remain localized sufficiently long; it passes on to other 
parts of the body, and leads to the death of the animal before 
large cnvities have had time to form, as they do in the human 
being. 

Tuberculosis of the remaining organs runs 8 quite peculiar 
course in rabbits and guinea-pigs, and is not the same in both 
animals. 

In the first instance, the tubercular nodules of the liver and 
spleen in both animals have the usual characteristic appearance 
seen in the lung. ‘They are miliary grey transparent nodules 
with yellowish centres of tolerably firm consistence. 

The spleen in the guinea-pig is considerably enlarged and 
of a dark red colour, from which the grey nodules stand out 
very clearly. The tubercles soon become confluent and larger 
whitish-grey islands result. These increase in size, so that 
the spleen acquires a marbled appearance, the colours being 
pale greyish red and dark red. Finally, the light parts get the 
upper hand, and the spleen may then have quite an unusual 
appearance, which does not recall in the least the tubercular 
origin of this condition, especially when small ruptures and 
hemorrhages occur into the friable splenic tissuc, giving to the 
spleen a still more variegated appearance. In any case it is 
extraordinary that tuberculosis of the spleen in the guinea-pig 
should lead to such extensive congulation-necrosis but never 
to true caseation, whilst in the lymphatic glands of this animal 
distinct caseation occurs. Exactly the same thing takes place 
in the liver of the guinea-pig. First of all grey, disseminated 
nodules are formed, then lighter patches appear, which increase 
in size, run together and become rather deep yellow. The liver 
increases enormously in sizo, and becomes marbled with large 
tracts of yellow and brown. In the darker parts of the organ 
recent grey nodules are generally to be seen. 

At the autopsy of a highly tubercular guinea-pig, the lungs 
pervaded with grey nodules, the extraordinarily enlarged spleen, of 
a dark red colour mottled with light grey, andthe yellowand brown 
marbled and equally enlarged liver, offer a striking picture which 
cannot be mistaken for that of any other disease to which these 
animals are subject. 

On microscopic examination of such a liver or spleen, it 
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that thc accumulation of epithelioid cells with the formation of 
giant-colls takes place; later still, as ἃ result of the breaking 
down of the cell elements, the cheesy products formerly regarded 
as specially characteristic develop. Further, the presence and 
number of the tubercle-bacilli are in the closest relation with the 
march of the tubercular process. For where tuberculosis runs 
a chronic course there are but few scattered bacilli; where, on 
the contrary, it makes rapid progress, bacilli are present in great 
numbers and closely packed together ; and where the tubercular 
process is at a standstill, or has come to an end, there the bacilli 
disappear. 

From these three facts, viz., that tubercle-bacilli are always 
present in tuberculosis and occur nowhere else, that they precede, 
both as to place and time, all the peculiar pathological changes, 
and that their number, appearance and disappearance are in direct 
relation with the course of the disease—the conclusion may be 
drawn with great probability that the tubercle-bacillus is not a 
chance accompaniment of tuberculosis, but stands in the position 
of the direct cause of the disease. 

Such far-reaching consequences depend on this question, 
however, that it was impossible to be content with a probable 
solution of it without endeavouring to obtain perfect certainty. 
Besides, closer investigation of the life-history of the parasite and 
of the conditions favourable for its development promised further 
important conclusions as to the etiology of tuberculosis and the 
prevention of this disease, so deadly to the human race. 

The only possible way of attaining this end lay in following 
tle same method adopted in tho investigation of other diseases. 
It was necessary to isolate the tubercle-bacilli from the diseased 
organs, to cultivate them outside the body and study their 
behaviour under these conditions; and finally to produce tuber- 
culosis artificially by inoculations with the bacilli thus freed from 
all admixture with the products of disease. 


II.—ISOLATION AND CULTIVATION OF TUBERCLE-BACILLI. 


It was to be expected that there would be some difficulty in 
obtaining pure cultivations of tubercle-bacilli, and therefore from 
the beginning the method of cultivation upon a solid transparent 
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directly from the wound into the purified vessel. but it is better 
to allow the blood that first comes and that contains bits of 
hair and particles of dirt from the skin and hide to eseape. 
The vessel is nearly filled, stoppered and placed at once in & 
refrigerator. When coagulation has begun the vessel must 
not be moved again, for fear of preventing the formation of a 
firm clot and allowing red blood-corpuscles to get mixed with 
the serum. The vessels containing blood remain twenty-four to 
thirty hours, or even longer, in the refrigerator, until a good layer 
of perfectly transparent amber-coloured serum has formed above 
the clot. If the serum has more or less the colour of blood, it 
contains too many red blvod-corpuscles, and will not remain 
transparent when heated. The serum is transferred by means 
of a pipette to test-tubes plugged with cotton wool. The pipette, 
as well as the test-tubes and wool plugs, have been already puri- 
fied from bacterial germs by exposure for at least an hour to a 
heat of 150? to 160° C. in a double-cased sheet-iron hot box. The 
test-tubes are filled about one-third full with serum, and the cotton 
wool plugs immediately re-inserted. In spito of all these pre- 
cautions there are always some bacteria present in tho blood- 
serum which have entered from the air, the hair of tho animul, 
&c., and which would soon occasion putrefaction and decompo- 
sition of the serum if not destroyed. Other fluids used for pure 
cultivations of bacilli can be easily and certainly sterilized, 1.e., 
rendered free from germs, by boiling. This method cannot be 
applied to blood-serum, however, becauso it becomes quite opaque 
at high temperatures. There is nothing left for it then but to 
employ Tyndall’s method of sterilizing hay-infusion, and to raise it 
repeatedly to a temperature of 55° to 60" C., instead of boiling it 
once forall. Bacteria, unless they contain spores, are killed pretty 
quickly in fluids at a temperature of 55° C. The spores, on the 
contrary, are known to resist a temperature of that degree, and 
are killed only bv boiling heat. <A single heating of the fluid 
kills, therefore, only bucteria containing no spores, and leaves 
untouched any spores that may be present. In this favourable 
medium the spores geriminate sooner or later, become trunsformed 
into bacilli and are no longer able to resist a temperature of 55° C., 
so that they are killed by the next heating before they have had 
time to form spores anew. But as the spores come to maturity 
at different times, and some of them not till several days have 
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time, as the cotton wool plug does not prevent evaporation the 
serum dries up by degrees, beginning from the top, but this 
takes place so slowly that for months a sufficiently large surface 
suitable for culture experiments remains between the upper dried 
part of the serum and the lower part covered by the fluid. 

If the sterilization of the serum has failed, it is discovered ἃ 
few days after the solidification when the serum is placed in 
the incubator by way of test. Whitish spots then appear, which 
may be solitary or in larger numbers, and which soon increase 
in size. Occasionally the serum liquefies also under the influ- 
ence of the bacteria, and then becomes turbid and covered with a 
whitish serum. Microscopic examination shows that in such a 
case bacilli are constantly present which have evidently developed 
from spores late in coming to maturity. Obviously, for pure 
cultures only those tubes of serum can be used which show 
no trace of such impurity after many days in the incubator, but 
remain perfectly clear and transparent. 

For many purposes, particularly when it is wished to examine 
pure cultures under the microscope direct with a low power, 
it is convenient to place the serum in watch-glasses or other 
suitable glass vessels. These must be provided with a glass 
cover to protect them from the entry of germs from the air; 
they are then placed under bell-glasses provided with moist 
blotting paper, and can be exposed in this way to the incubating 
temperature. This arrangement, indeed, does not offer such 
certain protection from the entrance of impurities as test-tubes 
plugged with cotton wool, and when pure cultivations of 
tubercle-bacilli are to be carried on through many generations, 
they can be obtained only by using solidified blood-serum in 
test-tubes. 

Quite as much care as was required to prepare sterilized solid 
Llood-serum is necessary in inoculating the prepared soil, and in 
preventing the entrance of extraneous germs into the cultures 
and the contamination of the latter by bacteria and fungi. 

As to the material to be used for inoculation, the most suit- 
able, naturally, is one containing many bacilli and of soft 
consistence, 80 that the bacilli may be easily spread over a large 
surface, and quite fresh, 1.e., still free from putrefactive bacteria. 
If the latter are limited to the surface of the organ from which 
cultivations are to be made, it is still always possible by taking 
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better still, between two scalpels that have just been heated and 
allowed to cool. The substance thus subdivided and crushed is 
removed by means of a platinum wire fused into a glass rod 
(which, immediately before use, has been heated and allowed to 
cool), introduced into the test-tube, spread out on the surface 
and well rubbed about. During this operation the test-tube must 
be held obliquely or almost horizontally between the thumb and 
forefinger, and the cotton wool plug held meantime between the 
other fingers of the same hand in such a way that no contamina- 
tion of it by other objects can take place. The transference 
of the substance into the solidified serum, which may for brevity 
be designated inoculation, must take place as quickly as possible 
in order that no germs of extraneous organisms from the air 
may alight on the inoculation material or enter the test-tube. 
It is desirable also to conduct the experiment in a room where 
no dust is flying about, and in the same way all unnecessary 
movements by which dust from the clothing, &c., is mingled 
with the air are to be avoided, as experience has shown that it is 
to particles of dust that the germs of micro-organisms suspended 
in the air adhere. 

In spite of all these precautions we cannot be perfectly sure of 
preventing the entrance of a few solitary forcign germs, and it is 
necessary in each case to inoculate several (fivo to ten) test- 
tubes, so that if we fail to obtain a pure cultivation in ono or two 
tubes, we shall vet havo others that are free from impurity. 

The process is the same as that above described for obtaining 
seed from a pulmonary tubercle, when lymphatic glunds, tubercles 
from the spleen, &c., are to be used to start a culture. The 
process must always be curried out with heated instruments, 
which must be changed every time a fresh stratum is laid bare. 
All preparatory incisions which do not come in contact with the 
inoculation substance itself are to be made with hot instruments, 
but the inoculation material is to be cut out with a cooled pair 
of scissors and forceps. It is necessary to change the instru- 
ments constantly in order that impurities adhering to them 
after the division of the skin and superficial layers, may not be 
carried into the cultures. 

When the organs of a recently killed or dead animal could be 
obtained, and the inoculation with substances containing tubercle- 
bacilli was done in the way just given, I invariably succeeded in 
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different colour from the tubercle-bacilli, and are distinct from 
them also in size and shape. 

In the glasses free from these impurities, the first signs of the 
growing colonies of tubercle-bacilli are not visiblo to the naked 
eye for ten to fifteen days. They then appear as whitish points 
and small spots lying on the surface of the serum ; they have no 
lustre, and consequently stand out clearly from their moist 
surroundings. They are best compared to tiny dry scales adher- 
ing loosely to the surface of the serum. The number of the 
scales and the extent of surface covered by them vary with the 
richness of the infecting material in bacilli, and with the extent 
of the surface over which it was rubbed or spread out. 

The individual scales attain only a limited size, so that if few 
are present they remain distinct ; but when numerous and closely 
packed, they coalesce finally and form a very thin, greyish-white, 
lustreless covering on the serum.  Áfter ἃ fragment of the 
tubercular lung of a guinea-pig has been rubbed on serum 
small whitish colonies of tubercle-bacilli appear, close to the 
greyish-red bit of lung, and also in its neighbourhood wher- 
ever it has been pushed over or pressed on to the surface of 
the serum by means of the platinum wire used to distribute 
the bacilli as widely as possible. The colonies in some cases 
are relatively few in number, because only a few bacilli were 
present in the pulmonary tubercles, as the examination of sec- 
tions shows. In other cases the little colonies are much more 
numerous ; in many, as especially after inoculation with the 
contents of cavities very rich in bacilli, they soon coalesce and 
form a coherent membranous mass. 

An entirely different picture from that just deseribed was 
presented by cultures started from substances containing only 
solitary bacilli. As already mentioned, we cannot in these cases 
set free the bacilli and distribute them on the surface by rubbing 
and crushing the substance. They remain within the sub- 
stance, and there form colonies which may grow almost to the 
size of a poppy-seed. In cases of this kind there can be no 
doubt that each of these little colonies originated from one 
bacillus, or at most two, because microscopic examination 
showed that a giant-cell from the tissue in question never 
contained more than one or two bacilli. We may go further, 
and conclude that in the first-described examples also the 
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appearing as a whitish filmy layer, has not yet reached the 
upper edge of the fluid. 

Cultures of these bacilli have other striking peculiarities 
which serve to distinguish them macroscopically from cul- 
tures of other bacteria if observed attentively. First of all, they 
never cause liquefaction of the serum, while some kinds of 
bacteria invariably do so. They do not penetrate into the serum, 
but always remain on the surface, loosely attached to it. Conse- 
quently, when the test-tube is inclined and the fluid lying at the 
bottom flows out over the surface of the serum, the membranous 
growth of bacilli can be lifted off and washed away. Other 
bacterial colonies are of a crumbling consistence, and get distri- 
buted equally in fluids, which they render turbid. This is not 
the case with tubercle-bacill. The thin membranes that they 
form do not break up completely in the fluid, but owing to their 
firm consistence they divide into larger or smaller flakes, which 
are carried away by the fluid, and finally sink to the bottom. 
The peculiar, stiff and brittle consistence of these colonies is best 
shown in that part of the culture which covers the fluid in the 
test-tube. If the fluid is set in movement the film on its surface 
breaks up into lamine and flakes, which sink slowly to the bottom. 
The fluid remains clear when the membrane of bacilli is growing 
over it, and when masses of bacilli that have been washed off 
the surface of tho scrum aro floating in it, or when it has been 
primarily and intentionally inoculated. From this phenomenon 
also we should conclude what direct observation had alrcady 
shown—viz., that tubercle-bacilli possess no power of motion, for 
moving bacteria distribute themselves in all directions throughout 
the nourishing material, and give it a turbid aspect. 

Further, within certain limits the macroscopic conditions pre- 
sented by cultures of tubercle-bacilli depend upon the consistence 
Xf the solidified blood-serum on which they grow. The firmer it 
8, the more marked are the conditions just described in the 
'Oolonies of bacilli. But on very soft gelatinous serum, on the 
'ontrary, the development varies a little. The distribution of the 
yacilli at the time of inoculation is not uniform, because the hard 
nd compact masses of bacilli cannot bo crushed on the soft 
erum. Consequently, the inoculation substance remains upon 
he serum in small isolated fragments. The growth of the 
olonies does not then spread so evenly over the surface as on 
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It is soon seen that these colonies are formed only of tubercle- 
bacilli, if they are stained according to Ehrlich's method and 
examined with a powerful objective. This is best managed by 
pressing & cover-glass firmly down on the surface of tho serum 
where the colonies occur, and lifting it off again. Numerous 
colonies then adhere to the cover-glass in their natural arrango- 
ment and form, dry on to it, and can now bo stained, as was 
described above for cover-glass preparations.* The bacilli are 
not scattered irregularly in the colonies, but are arranged with 
their long axes more or less parallel to the long axis of the 
colony. It is further remarkable that the bacilli are not in 
immediate contact, but are separated from each other by a 
verv small space. This circumstance supports the view promul- 
gated above, that the bacilli aro surrounded by a cementing 
substance, and are united together by means of it, as the firm 
coherence of the colonies shows. In colonies further advanced 
it is common to find that most or almost all of the bacilli 
contain spores. 

The cultures generally attain their maximum development at 
the end of four weeks, and remain unchanged after that time. 
Further cultures are therefore best made at intervals of two to 
four weeks, but cultures which have been in existence for months 
are still capable of development, and may be used for obtaining: 
fresh crops of bacilli. 

I obtained in the way described in the foregoing pages a. 
number of pure cultures of tubercle-bacilli from all kinds of 
material, and carried them on for ἃ varying number of 
generations. 

Many culture-experiments, more especially the earliest, were 
made from guinca-pigs, which had been rendered tubercular by 

* Klebs has stated in several recent publications (Archiv. f. exper. Pathol., vol. 17) 
that he has constantly found along with the tubercle-bacilli a finely granular mass 
which does not take up the aniline colours, and which he regards as consisting of 
micrococci. Further, that he has found these micrococci in a pure culture which he 
obtained from me. The culture which I gave Klebs, at his request, was one made on 
very soft serum. Under these circumstances, as mentioned in the text, the mass of 
bacilli cannot be lifted off the surface of the serum without tearing away «ume of the 
serum at the same time. Now, solidified serum appears, under the microscope, as a 
finely granular mass, upon which aniline dyes have little effect. Kl-bs was evidently 
looking at some of the serum when he thought he discovered microcucci. In the 
numerous microscopic examinations I have had to make of my pure cultures of 


tubercle-bacilli I have never come across any organisms but the true tubercle. 
bacilli. 
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20. Perlsucht in ox (crumbling cheesy mass from lung, second 
case); 5 cultures in 8 months. 

21. Culture of tubercle-bacilli (No. 1, 5th generation); 7 
cultures in 4 months. 

The following cultures were obtained direct from tubercular 
material :— 

22. Human miliary tuberculosis (tubercle from the lung); 24 
cultures in 19 months. 

23. Human miliary tuberculosis (tubercle from the lung); 10 
cultures in 6 months. 

24. Pulmonary phthisis in man (contents of a cavity) ; 11 
cultures in 7 months. 

25. Pulmonary phthisis in man (contents of a small cavity at 
the apex) ; 10 cultures in 7 months. 

26. Pulmonary phthisis in man (contents of a closed cavity) ; 
24 cultures in 18 months. 

27. Caseous pneumonia in man (lung-tissue) ; 7 cultures in 5 
months. 

28. Caseous pneumonia in man (lung-tissue) 9 cultures in 
4 months. 

29. Scrofulous glands; 8 cultures in 6 months. 

30. Serofulous glands; 7 cultures in 5 months. 

81. Scrofulous glands; 8 cultures in 8 months. 

32. Scrofulous glands; 4 cultures in 8 months. 

33. Tubercular testicle ; 6 cultures in 4 months. 

94. Fungous arthritis; 19 cultures in 15 months. 

35. Lupus; 21 cultures in 16 months. 

96. Lung from a case of perlsucht (cheesy mass); 8 cultures 
in 6 months. 

97. Lung from a case of perlsucht (calcified nodulo); 7 
cultures in 5 months. 

98. Pearl-nodule from diaphragm ; 15 cultures in 9 months. 

89. Pearl-nodule from pericardium ; 23 cultures in 18 months. 

40. Caseous pneumonia in hog; 8 cultures in 5 months. 

41. Spontaneous tuberculosis in guinea-pig (pulmonary 
nodule); 9 cultures in 6 months. 

49. Spontaneous tuberculosis in guinea-pig (spleen); 5 cul- 
tures in 8 months. 

48. Spontaneoustuberculosis in guinea-pig (pulmonary nodulo); 
7 cultures in 4 months. 
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decided, viz., whether tubercle-bacilli could grow and multiply 
under conditions which ensured for them an independent existence 
apart from the body of man or animals. 

In order to settle this question it was necessary first to ascer- 
tain whether the bacilli grow only upon the solidified serum, or 
whether they flourish also on other soils. 

Experiments with fluid sterilized serum showed that particles 
from cultures of bacilli, placed upon its surface, developed there 
in the way described on the surface of the fluid lying near the 
solidified blood-scrum, and formed over it a thin whitish film of 
hard brittle consistence, which broke up and sank to the bottom 
when the serum was shaken. The serum remained clear in every 
case. If the seed was not kept floating on the surface of the 
serum, but sank into the fluid, there was no visible increase in 
the fragments. 

The blood-scrum of different animals in a fluid, as in a solid 
state showed no essential difference as regards its suitability to 
serve as nourishing soil for tubercle-bacilli. They seemed, indeed, 
to flourish best in the serum of sheep, oxen, and calves, but the 
serum of horses and swine gave luxuriant cultures. Even in the 
serum of dog's blood there was no marked falling off in the 
growth, although these animals are tolerably insusceptible to 
tuberculosis. But on coagulated egg-albumen, on the contrary, 
tubercle-bacilli would not grow. 

In fluids other than blood-serum I could not at first succeed in 
obtaining a growth of the tubercle-bacili. When one or more 
fragments of a culture were placed in a glass with neutralized 
meat-broth, the fragments seemed certainly to have increased 
somewhat in the course of 4 to 5 weeks, but it was difficult to 
decide whether true growth had taken place. It was not until I 
had broken up bits from a culture of bacilli into fine fragments 
by trituration, added them to meat-infusion, and distributed them 
thoroughly by shaking, that an unmistakable development took 
place. For tho success of this experiment it appears to be of 
some importance to put the cultures into glass flasks with a flat 
wide bottom, the so-called Erlenmeyer’s flasks, and to pour into 
the flask only enough fluid to cover the bottom to the depth of 3, 
or at most 1 centimetre. The meat-infusion always remains 
clear, but in the course of 4 to 5 weeks a finely granular, sandy, 
whitish-looking deposit forms at the bottom of the vessel. The 
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form spores in a short time; but they develop even at 48° C. 
If one now reflects that the anthrax-bacilli can pass through their 
whole cycle of development up to the formation of spores in 
twenty-four to forty-eight hours at a temperature often reached 
by the surface of the earth in summer, and that they can do this 
on dead vegetable substrata, there is ground for the conjecture 
that they really do, in suitable places, complete their cycle of 
development external to the bodies of animals. Hence the 
etiology of splenic fever takes a very different position from that 
which it would occupy if the bacillus anthracis could find a suit- 
able habitat only in the animal body. 

The same would hold good for the tubercle-bacillus if it could 
erow on soils such as are found in Nature, and if it could develop 
in a relatively short time, and form spores at a temperature 
corresponding to summer heat. But this is not the case. The 
lower limits of temperature at which the tubercle-bacilli are just 
able to grow are not reached by summer heat, and besides, the 
growth of these bacteria goes on so slowly that, before their life- 
cycle was completed, they would be choked by other kinds of 
bacteria, which are present overywhere and develop much moro 
rapidly. So that if other soils more easily reached than that 
afforded by the animal body were to be found upon which the 
tubercle-bacilli would flourish, the last-mentioned reasons would 
be quite sufficient to decide the impossibility of an existence for 
the tubercle-bacilli outside the animal body. We are therefore 
obliged, so far as our investigations have yet reached, to regard 
the tubercle-bacilli not as occasional, but as true parasites, i.e., 
as finding the conditions necessary to their existence only in the 
animal or human organism. 


III. —INFECTION-EXPERIMENTS. 


Infection-experiments have formed until now the most impor- 
tant part of the experimental investigation of tuberculosis. But 
although an extraordinarily large number have been made, all 
but a few series are deficient in those precautionary measures 
necessary to make them unimpeachable. 

There are three kinds of error which may invalidate an infec- 
tion-experiment : first, the confusion of spontaneous tuberculosis 
with the artificially induced form ; secondly, the confusion of the 
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year, and these became tubercular some months later. Accord- 
ing to this evidence it would seem that all the numerous experi- 
ments, in which tuberculosis is said to have appeared after a lapse 
of three months or more, are of little or no weight, if it were 
not possible from the appearances found to affirm positively 
either that spontaneous tuberculosis was present or that it was 
absent. 

As to the second danger, that of mistaking non-tubercular 
nodules for those of a true tubercular nature, nothing is simpler 
than to exclude this source of fallacy. The truo tubercles are 
infective, and contain tubercle-bacilli; with non-tubercular 
nodules this is not the case. Even though some refuse to recog- 
nize the diagnostic importance of the tubercle-bacillus, all must 
distinguish between infective and non-infective nodules. Sup- 
posing, therefore, that we succeed in an infection-experiment, 
€.g., in producing some grey nodules in the lung of a dog as an 
effect of the inhalation of some substance or other, we must not 
rest content with this simple result, and maintain on the strength 
of it that they are true tubercles. In every case the infective 
nature of such nodules must be demonstrated. In most cases of 
true tuberculosis we are spared the trouble of giving special proof 
of its infective character by further inoculations with the nodule, 
for under these circumstances the pathological process is rarely 
limited to the seat of infection ; it has almost always extended to 
other organs of the body, and thus proves its infective nature by 
its power of spreading. Henco when we find the formation of 
tubercles spreading beyond the original seat of infection to 
lymphatic glands, lungs, liver and spleen, we may conclude from 
that fact that it is infective ; but if, as happens in the case of the 
lungs when solid particles containing no virus are inhaled, and in 
the case of the peritoneum when non-infective granular masses 
are injected in the abdominal cavity, the nodules produced are 
limited to the seat of infection, to the lung or peritoneum as tho 
case may be, and show no tendency to more extensive infection of 
the body, there is strong a priori reason to believe that we are 
not dealing with true tuberculosis, and special proof of the infec- 
tive character of the process must be given. If this is not done, 
and, strange to say, it was omitted in many recent investigations 
directed against the infective character of tuberculosis, the experi- 
ment furnishes no conclusive proof. 





INFECTION-EXPERIMENTS. 157 


their infective properties made; the experiment itself was con- 
ducted under antiseptic precautions, and particularly with 
instruments disinfected in a reliable manner. 

The infection-experiments made in the course of my researches 
fall into two groups—in one tissues containing tubercle-bacilli, 
in the other pure cultures of the organisms were used as infection- 
material. 


1. Infection-experiments with Tissues containing Tubercle- 
bacilli. 


These served partly for studying the effect of the products of 
different forms of the tubercular process, and partly to obtain 
suitable material with which to start pure cultures. As inoculation- 
material were used fragments of tissue from various organs 
in cases of human miliary tuberculosis, from phthisical lungs and 
different forms of localized tuberculosis—strumous joints, scro- 
fulous glands, lupus—and from tuberculosis in various animals. 
The incculation-substance was always examined for tubercle- 
bacilli. 

The inoculation was effected by making a small incision in 
the abdominal wall of a guinea-pig with the scissors, inserting 
the point of the scissors to form a pocket-like subcutaneous 
wound about a half ctm. deep. Into this little pocket a frag- 
ment of the inoculation substance about the size of ἃ millet or 
mustard-seed was pushed as deeply as possible. On the following 
day the inoculation wound was always united, glued together, and 
showed no reaction. Generally it was not till after ἃ couple of 
weeks that a visible swelling of tho lymphatic glands next the 
seat of inoculation occurred, usually the inguinal glands on one 
side, and at the same time induration and tho development of a 
nodule took place in the inoculation wound, which up till then 
had remained perfectly healed. After this the lymphatic glands 
enlarged rapidly, frequently to the size of a hazel-nut. The 
nodule at the seat of inoculation then generally broke and became 
covered with ἃ dry crust, beneath which was a flat ulcer with a 
cheesy floor, discharging very slightly. The animals began to 
lose flesh about this time, their coat became bristly, dyspnoea 
set in, and they died generally between tho fourth and eighth 
weeks, or they were killed within the same space of time. 
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the omentum, spleen and liver was found, together with a fair 
number of grey nodules in both lungs. 

6. Caseous pneumonia and tuberculosis of the meninges : 
2 guinea-pigs inoculated with cheesy substance from the lungs 
in which were numbers of bacilli, 1 guinea-pig with a fragment 
from the tubercular pia mater which contained numerous 
bacilli. The animals died in the 5th and 6th weeks. All 
tubercular. 

7. Lungs showing caseous infiltration with many bacilli: 6 
guinea-pigs. The first died after 6 weeks. The remainder were very 
ill at the time and were killed a few days later. All tubercular. 

8. Phthisical lungs with cavities, intestinal ulcers and cheesy 
mesenteric glands. 2 guinea-pigs were inoculated from the 
contents of a cavity containing a fair number of bacilli, and 4 
more from the mesenteric glands, which were very full of bacilli. 
The latter died in the 5th and 6th weeks; of the first two, one 
died in the 6th week, and the other was killed a few days later. 
All tubercular. 

9. Caseous bronchitis and intestinal tuberculosis. 5 guinea- 
pigs were inoculated from the lung-substance, in which there 
were a good number of bacilli. 2 of them died in the 8th 
week, the remainder were killed before the end of the same 
week. All tubercular. 

10. Phthisical lungs with cavities. 4 guinea-pigs inoculated 
from the consolidated lung-tissue, in which were only a few 
bacilli. 8 of them died in the 7th and 8th weeks, the last 
not till the 12th week. Al) tubercular. 

1i. Phthisical sputum. 9 guinea-pigs were inoculated at 
different times with fresh sputum containing a varviny number 
of tubercle-bacilli taken from 3 different patients. Some of the 
animals died before the 8th week, some were then killed. They 
were all tubercular. 

12. Phthisical sputum dried for 2 weeks: 8 guinca-pigs. 2 
died in the 6th weck, the third was killed at the same time. 
All tubercular. 

18. Phthisical sputum dried for 2 months: 3 guinea-pigs, 
killed after 5 weeks, and tubercles found in lungs, liver, and 
spleen. 

14. Tuberculosis of the uterus and tubes. 6 guinen-pigs 
inoculated with cheesy material from the tubes. 2 animals 
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llth Experiment. On former occasions an essential difference 
in the susceptibility of house-mice and ficld-mice to tubercular 
inoculation had been noticed. Hence 12 white mice were in- 
oculated with a pure culture from a case of miliary tuberculosis 
(No 22^, the same which had been used for the inoculation of 
the field-miee in the 6th experiment, and the inoculation was 
done at the same time. The field-mice, as already stated, 
became tubercular, whilst the white mice remained for 2 months 
without any symptoms of illness at all; they were then killed, 
and in not a single one were tubercular changes found. 

The 11 experiments here classed together have this in common, 
that the inoculation substance was introduced subcutancously in 
all. The effect was on the whole the same as that obtained by sub- 
cutaneous inoculation with fragments of fresh tubercular tissues. 
The small skin-wound united and healed in the first few days; 
then followed swelling of tlie glands, emaciation and death. The 
autopsy revealed an extensive and copious eruption of tubercles 
in lungs, spleen and liver, combined with the attendant charac- 
teristic changes that usually follow in these organs. The only 
difference lay in the quicker course of the disease after inoculation 
with pure cultures than after inoculation with tubercular tissues. 
In guinea-pigs this difference was estimated to be on the average 
two weeks. The phenomenon is most naturally accounted for 
by the fact that when tubercular tissues are used as the inocula- 
tion material, the bacilli are not able to act until the tissues in 
which they are inclosed are absorbed, whilst from pure cultures 
they enter the subcutaneous tissue of the animal experimented 
on unimpeded, and can at once begin their work. It is the same 
with the iris tuberculosis resulting from inoculation of the 
anterior chamber of the eve in rabbits, but still more strikingly 
because the development of the tubercles can be followed directly 
with the naked eve. 

Microscopically, the tubercles obtained after inoculation with 
pure cultures resembled in every respect those resulting from 
inoculation with truly tubercular tissues and also those of spon- 
taneous tuberculosis. They consisted of accumulations of cells 
having mostly an epithelioid character, contained giant-cells and, 
in addition, tubercle-bacilli in varying numbers. Their virulence 
was proved by the fact that in every case they had spread from 
the subcutaneous tissue to all the organs liable to be affected by 
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tubercular changes with which former experiments have fami- 
liarized us, at & stage of development corresponding to the 
time that had elapsed after the injection. The cat and guinea- 
pig which had pure serum injected into the peritoneal cavity 
were found to be perfectly free from tuberculosis. This experi- 
ment, like many previous ones, was undertaken with the view 
of discovering whether there was any difference in the action of 
cultures of bacilli obtained from different forms of tuberculosis. 
But here too the expectations entertained were not fulfilled, for 
the tuberculosis resulting from the different pure cultures was 
always of the same form, both in cats and guinea-pigs. 

21st Experiment. Pure culture from tuberculosis in a monkey 
(No. 11, carried through 10 generations in 5 months), injected 
into the abdominal cavity in 5 rats. These animals had been 
fed previously for a considerable time with portions of tubercular 
guinea-pigs. In other rats fed after the same manner which 
had been killed, solitary grey nodules had occasionally been 
found in the lungs. But when the rats on which the injection 
of tubercle-bacili had been practised were killed at the end of 
9 weeks, countless tubercles were seen in the lungs and greatly 
enlarged spleen, and also in the liver and omentum. 

22nd Experiment. Pure culture No. 24 (from & phthisical 
lung, carried through 9 generations in 5 months), rubbed up 
with water and injected into the peritoneal cavity. The following 
animals were experimented on: 6 guinea-pigs, 8 cats, 4 white 
mice, 4 hens, 8 pigeons. The guinea-pigs died within 10 to 
17 days, one cat on the 15th, another on the 28rd, and the 
last on the 24th day. The post-mortem appearances in these 
animals were the same as in the previous experiments. The 
mice, hens and pigeons remained alive certainly, but became 
rough and thin, and seemed ill. As they did not recover they 
were all killed at the end of 10 weeks. The mice showed the 
same state of things as the white rats, ἃ good number of tubercles 
in the lungs and a great many in the much enlarged spleen. In 
the hens and pigeons the nodules before described were found in 
the intestine and liver. 


Injection of Pure Cultures into the Veins. 


This is the most certain and fruitful method of infecting animals. 
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miliary tubercles in the lungs. The liver and spleen also in all 
contained an extraordinary number of tubercles. In those that 
died first the nodules were smallest but most numerous. 
Evidently, the large number of tubercles had caused early 
death. In the animals dying later the number of nodules was 
less, but the tubercles themselves were larger. The 2 control 
animals were found on dissection to have no tubercles in any of 
the organs. 

24th Experiment. Pure culture from lupus, No. 85 (carried 
£hrough 8 generations in 5 months), rubbed up with distilled 
water, and injected into the auricular vein in 5 rabbits. They 
died between the 18th and 18th days after the injection, and 
showed the same post-mortem appearances as the rabbits of the 
previous series. 

25th Experiment. Pure culture from tuberculosis in ἃ monkey, 
No. 11 (carried through 12 generations in 6 months), rubbed up 
with distilled water, was injected into the jugular vein in 10 
rabbits selected for inhalation experiments with germicidal sub- 
stances. They all died in the course of 2 to 8 weeks after the 
injection, and had large tubercles in lungs, liver, and spleen. 
The tubercle-nodules produced by the injection of bacilli into 
the circulation differed in no way from nodules of the spontaneous 
disease, and the same is true of the nodules in all the earlier 
infections produced by means of pure cultivations. They con- 
tained tubercle-bacilli in greater or smaller numbers, and had 
virulent properties, for when they were inoculated into other 
animals, as they often were, they gave rise to tuberculosis in 
just the same way as inoculations from true spontaneous 
tubercles. 


Inhalation of Pure Cultures of Tubercle-bacilli. 


In order to introduce tubercular material into the lungs of 
animals for experiment, either an injection was made into the 
bronchi from a tracheotomy wound, or the animals were made to 
inhale an atmosphere in which the infective material first sus- 
pended in a fluid had been dispersed. The first method does 
not resemble sufficiently the natural mode of infection, and is 
complicated unfavourably by the operation wound. I chose the 
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faintly granular appearance, as the separate alveoli were filled 
with a cheesy substance, and looked like whitish dots, and at 
their margins the yellowish-white spots of the caseous alveoli 
stood out very clearly against the dark greyish-red areola. 
The largest tubercles embraced a whole lobule, and coalesced 
in some cases with neighbouring foci, forming in this way 
larger thickened yellowish-white places in the lung, which 
had exactly the ordinary aspect of caseous pneumonia. Spon- 
taneous tuberculosis in rabbits and guinea-pigs shows the 
same constitution of the primary tubercular nodules, viz., the 
alveolar extension of the tubercular process. This supports the 
view already mentioned, that spontaneous tuberculosis in these 
animals is the result almost exclusively of inhalation. 

The rats and mice that were killed had very numerous grey 
nodules in the lungs as large as a hemp-seed, many of which 
had a yellowish-white centre, but caseation was not nearly so 
far advanced as in the lungs of the guinea-pigs and rabbits. In 
the spleen of the rats and mice solitary grey nodules only were 
found. These animals, as has been already insisted upon, are ' 
much less susceptible to tuberculosis, the separate tubercles 
develop in them much more slowly, and the disease does not 
spread so readily to other organs. 

Microscopically, too, the tubercles resulting from the inhala- 
tion of pure cultures resemble true tubercles in the arrangement 
of the epithelioid-cells and giant-cells, and in containing tubercle- 
bacili. In order to test their infective properties, 22 guinea- 
pigs, in all, were inoculated subcutaneously in the abdomen with 
tubercles from different organs of both guinea-pigs and rabbits, 
and from the lung of a rat and of a mouse. All these animals 
developed swelling of the inguinal glands on the same side as 
the inoculation, lost flesh, and died of tuberculosis in the course 
of 5 to 8 weeks. 

If we now glance back over the whole series of infection- 
experiments with pure cultivations, we may draw the following 
conclusions :— 

Those animals operated on which belonged to species suscep- 
tible to tuberculosis, viz., guinea-pigs, rabbits, field-mice and 
cats, became tubercular, without exception, in consequence of 
infection with tubercle-bacili. The number of animals was 217 
(94 guinea-pigs, 70 rabbits, 9 cats and 44 field-mice). On the 
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is to be granted in addition to the tubercle-bacilli, then some 
Specific and hitherto unknown agent must be assumed as the 
infective material in the case of trichina and acarus seabeii. So 
we may say with good reason that the tubercle-bacillus is not 
merely a cause of tuberculosis, but the only cause, and that 
without the tubercle-bacillus there can be no tuberculosis. 

Tuberculosis is thus seen to be allied etiologically to splenic 
fever. The tubercle-bacillus stands in exactly the same rela- 
tion to tuberculosis as the bacillus anthracis does to splenic 
fever. 


THE RELATIONS OF THE TUBERCLE-BACILLI TO THE ETIOLOGY OF 
TUBERCULOSIS. 


The researches detailed in the foregoing pages have furnished 
us with so much information about the biological characteristics. 
of tubercle-bacilli, and their peculiar behaviour in the body 
attacked by them, that we are enabled to determine the etiology 
of tuberculosis in its broad outlines with some degree of certainty. 
In time, we shall no doubt get to know the properties of the 
tubercle-bacilli more thoroughly, and to discover new facts about 
them, with the effect of enlarging and in some respects correcting 
our views on the etiology of tuberculosis. Meanwhile, this con- 
viction cannot restrain us from already expressing an opinion 
upon the relations of tubercle-bacilli to the disease caused by 
them. 

If we start with the proposition, resting on experimental proof, 
that tubercle-bacilli alone can give rise to true tuberculosis, and 
if we try to follow out the way in which they infect animals and 
Man, the first question that meets us has reference to the origin 
of the bacilli. Do they occur anywhere in Nature independent 
of the human or animal organism, as we must suppose to be the 
case, for instance, with anthrax bacilli and the micrococcus of 
erysipelas? The answer to this question is of the highest 
importance, not only etiologically, but also with regard to pro- 
phylaxis. For if tubercle-bacili could exist in the universally 
distributed putrefying animal and vegetable matter, and there 
multiply and form spores, it would be impossible to keep these 
parasites away from human beings. Happily things are other- 
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it. No certain example of the transformation of harmless into 
virulent bacteria is known; there is therefore no reason for 
specifically ascribing to tubercle-bacilli the power of developing 
from indifferent organisms ; and it is the more unreasonable to 
do so, as among the countless experiments on animals with 
pathogenic and non-pathogenic bacteria not one single instance 
has occurred—in spite of the highly favourable soil afforded for 
tubercle-bacilli by the bodies of rabbits and guinea-pigs— 
where these organisms have developed out of other bacteria. On 
the contrary, all experiments in which the necessary precautions 
were taken show that tuberculosis arises only when true, t.e., 
already developed, tubercle-bacilli gain an entrance into the 
animal body. 

It is otherwise as regards ἃ possible attenuation of the tubercl- 
bacilli, since the attenuation of the anthrax bacilli can be cited 
as an example. Although the possibility of such a modifca- 
tion of virulence is. not to be disputed, yet it must be renem- 
bered that the attenuation of anthrax bacilli is accompished 
under conditions which can be furnished only artificialy, and 
which do not come into play under ordinary circumstances either 
in the animal body or outside it. Another thing aginst this 
view is that tubercle-bacilli, after cultivation for almos two years 
outside the animal body and on a lifeless nourish»g soil, did 
not show the slightest change in their properties particularly 
their virulence. In Fischer and Schill’s experments too, no 
modification of virulence was observed after tubtcle-bacilli had 
been exposed for six weeks to the influence of ptrefaction. All 
this speaks decisively against the supposi?2 of an easily 
induced change in the virulent properties of tercle-bacilli. We 
can, indeed, hardly think otherwise than 0at tubercle-bacilli 
originated from other bacteria at some tim/0r other. But once 
having become true parasites, they appear? bave this peculiarity 
in common with others of their kind, the they retain their pro- 
perties with great persistency. . 

The only source of origin remainis 18, therefore, the animal 
or human organism; and remembers the extremely wide dis- 
tribution of tuberculosis it is evide: that this parasite does not 
lack opportunities of multiplying 2°Tmously in suitable indi- 
viduals, of forming resting spore 9f reaching the outer air and 
of attacking other victims. | Ar!E the various forms of tuber- 
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thereby infected. But probably infection will not often take 
place in this way, because the particles of sputum are not small 
enough to remain guspended in the air for any length of time. 
Dried sputum, on the contrary, is much more likely to cause 
infection, as, owing to the negligence with which the expectora- 
tion of phthisical patients is treated, it must evidently enter the 
atmosphere in considerable quantity. The sputum is not only 
ejected directly on to the floor, there to dry up, to be pulverized 
and to rise again in the form of dust, but ἃ good deal of it dries 
on bed-linen, articles of clothing, &nd especially pocket hand- 
kerchiefs— which even the cleanliest of patients cannot help 
soiling with the dangerous infective material when wiping the 
mouth after expectoration—and also is subsequently scattered 
88 dust. Examination of the air for bacteria capable of 
development has shown that they are not suspended sepe- 
rately in the air, but that they dry on the surface of objects, 
and do not enter the air until the dried mass breaks up, or 
unless the object on which the dried fluid rests is itself so 
light as to be carried away by the slightest breath of sir. Such 
readily distributed carriers are particles of dust, consisting 
of bits of vegetable fibre, animal hair, epidermis scales and 
such like. Hence we have to fear chiefly the soiling with 
phthisical sputum of materials consisting of vegetable products 
or animal hair, such as bed-linen, coverlets, clothes, hand- 
kerchiefs. Sputum that has dried in spittoons or on the floor 
gets detached only in larger pieces which do not readily float in 
the air. On the other hand, one can hardly imagine a more 
favourable contrivance for the distribution of the sputum as dust 
than that of allowing it to dry rapidly on stuff garments, from 
which at each movement fibres fly off and carry the infective 
material into the air, where they remain suspended for some 
time; and when at last they fall to the ground the particles are 
easily caught up again by the slightest breath of air. The 
examination$ of air undertaken by Hesse are very instructive on 
this point, and confirm fully what I have just stated. 

As already mentioned, dried sputum may retain its virulence 
for months, perhaps for much longer under some circumstances. 
The time probably depends on whether or not the tubercle- 
bacilli contain well-developed spores, capable of germinating. 
But supposing the virulence of the dried sputum to last only for 
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are particularly liable to cause circumscribed collections of 
bronchial secretion, and thus favour the development of tubereu- 
losis, i.e., the establishment of the tubercle-bacilli. 

If there is a clear idea as to the necessity for such auxiliary 
forces in order to enable the bacilli to make their way, it will no 
longer seem so remarkable that many people, in spite of free 
intercourse with phthisical patients, do not become infected, 
that others are evidently attacked on the first opportunity, and 
that others again, after being exposed to infection for a long 
time without evil result, succumb to it in the end. In the first case - 
circumstances did not come to the aid of the tubercle-bacilli, which 
were undoubtedly inhaled often enough, and hence they were ex- 
pelled from the respiratory tract; in the second there was, to begin 
with, some weak spot in the respiratory organs where the bacilli 
were able to settle, and the only thing required was that the 
infective germs should reach this spot ; in the last case no defect 
appeared until much later, but then immunity against tubercu- 
losis was lost to some extent. The obstacles opposed to the 
establishment of the tubercle-bacilli are still greater in the 
upper part of the air-passages, and this explains the rare 
occurrence of primary disease of these parts. 

Since by far the largest number of cases of tubercular disease 
have their origin in the lung, it may be assumed that infection 
has taken place in all after the manner just mentioned, viz., by 
inhalation of dried and scattered phthisical sputum. On account 
of the copious supply of infective material, and of the frequent 
contact into which it must come with other parts of the human 
body, it is not improbable that infection is accomplished at other 
places beside the lungs. I am inclined to think that primary 
disease of superficial lymphatic glands is caused by the entry of 
tubercle-bacilli into scratches and eruptions on the skin, whence 
the bacilli are conveyed by the lymphatics to the lymphatic 
glands. Then when the original place of infection has healed, 
it looks as if the pathological process had arisen primarily in the 
glands. I could explain a number of cases where extirpation of 
cheesy cervical lymphatic glands containing tubercle-bacilli had 
been performed in otherwise healthy adults, only by supposing 
that they were due to infection through abrasions of the scalp. 
As the alvine dejecta of phthisical patients not infrequently con- 
tain a good number of bacilli there is the same danger of 
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favourable point of attack for the slowly growing tubercle-bacilli 
than do the lungs. Then experiments on the effects of feeding 
with anthrax bacilli and their spores have shown that anthrax 
bacilli containing no spores are destroyed in the stomach, whilst 
the spores of these bacilli are able to pass the stomach uninjured. 
Consequently only substances containing spores can cause in- 
fection by means of the alimentary canal. In this respect the 
tubercle-bacilli most probably resemble the antharx-bacilli, and 
do not give rise to intestinal tuberculosis unless they contain 
spores, and then only on condition that they do not pass through 
the alimentary canal quickly but that they are able to ger- 
minate and invade some part of the intestinal mucous mem- 
brane. The same holds good of course With reference to the 
danger of infection by tubercular meat, and may explain the 
relative infrequence with which infection results from eating 
meat of this kind. 

The same conditions hold with regard to infection by the milk 
of cows suffering from perlsucht. First of all, for infection to 
take place, the milk must contain tubercle-bacilli. This appears 
to happen only when the mammary glands themselves are affected 
with tubercular disease. But as pearl-nodules do not commonly 
occur in the udder, the milk of cows with perlsucht will very 
often have no infective properties. This explains the contra- 
dictory statements of various authors who have instituted feeding 
experiments with the milk of cows suffering from perlsucht. 
Some affirm that they have obtained positive results, and their 
testimony is of such a nature as to leave no room to doubt the 
correctness of their observations. Others, on the contrary, could 
not get any infection of the animals experimented on. These 
results, too, were no doubt correct. The positive effects were 
obtained with milk which happened to contain tubercle-bacilli, 
the negative with milk in which there were none. 

However, although infection from domestic animals does not 
on the whole appear to be very common, it is by no means to be 
underrated. Bovine tuberculosis and caseous changes in the 
lymphatic glands of swine are so common an occurrence that they 
deserve full consideration. 

If we note the behaviour in the body of the tubercle-bacilli, which 
have entered the lungs by inhalation, the skin through wounds, 
the intestinal canal by being swallowed, we see that they often 
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domain of tuberculosis. In doubtful cases the diagnosis of 
tuberculosis will be made to depend on the demonstration of 
tubercle-bacilli. In practice this aid has already been exten- 
sively made use of, and that with perfect success, thus giving a 
valuable proof of the correctness of my opinion as to the signifi- 
cance of the tubercle-bacilli. In this way a material advantage 
has arisen from the discovery of the tubercle-bacillus. It is to 
be hoped, however, that it will be beneficial in yet another direc- 
tion—namely, that of combating the disease. According to the 
experiments as yet made there does not appear any great prospect 
that we shall succeed in finding a therapeutic means of dealing 
with the parasites in the body. So much the more stress would 
I therefore lay on prophylactic measures, which should be directed 
partly towards the direct destruction of the tubercle-bacilli by 
suitable methods of disinfection, partly to the preservation of 
healthy persons from contact with tubercle-bacilli in all cases in 
which the parasites cannot be certainly destroyed. 

It seems to me the time has now come to adopt prophylactic 
measures against tuberculosis. But owing to the wide distribu- 
tion of the disease, all steps taken against it have to deal with 
social relations, and it must therefore be carefully considered in 
what way and how far we may procecd without neutralizing by 
unavoidable disturbances and other disadvantages the benefit 
obtuined. 

It would lead me too far to discuss the means of prophylaxis 
in detail, and I reserve the expression of my views on this subject 
for another opportunity. 
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ON THE ETIOLOGY OF ENTERIC FEVER. 


PREVIOUS PUBLICATIONS CONCERNING THE PRESENCE OF MICRO- 
ORGANISMS IN THE ORGANS OF FATAL CASES OF ENTERIC FEVER. 


ALTHOUGH a considerable number of communications relating 
to the presence of micro-organisms in the organs of fatal cases 
of enteric fever has been published, there exists, nevertheless, 
among the various investigators no complete unanimity of opinion 
regarding the question as to which form of organism should be 
designated as characteristic of the disease, and as its probable 
cause. 

As early as the year 1871 von Recklinghausen* observed 
colonies of micrococci in renal abscesses of typhoid cadavers 
which, indeed, he did not look upon as the cause of the disease, 
but still ‘‘ as an indication where the localization of the proble- 
matical spore was especially to be sought.” 

This observation was corroborated in the following year by 
Eberth.t  Eberth was also not of the opinion that the deposits 
of bacteria found in the internal organs stood in causal relation 
to the typhoid process. He found them exclusively in the stage 
of ulceration and cicatrization of the intestinal lesions, and 
thought, therefore, that they ought to be regarded as a secondary 
phenomenon, and indeed as diphtheritic aggregations. In this 
view he was strengthened by the circumstance that in their 
external characters the organisms could not be distinguished 
from those occurring in faucial diphtheria. 

In 1875 Klein T. found in the intestinal mucous membrane of 


* Verhandlungen der physicalisch-medicin. Gesellsch. in Würtzburg.  Bitzung von 
10 Juni, 1871. 

t Zur Kenntniss der bacteritischen mykosen. Leipzig, 1872. 

1 Report on the intimate Anatomical Changes in Enteric or Typhoid Fever. 
Reports of the Medical Officer of the Privy Council and Local Government Board. 
London, 1875, 
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Some months before Eberth's first work Klebs* stated that he 
and his assistants had succeeded in establishing the presence of a 
hitherto undescribed form of micro-organism—viz., bacilli —with- 
out an exception in 24 typhoid cases examined. He thought 
himself justified in regarding these organisms as the cause of the 
disease. Klebs regards the rod-shaped bodies found in laryngeal 
typhoid ulcers in the year 1878 by his then assistant, Professor 
Eppinger,t as identical with the more recently described organ- 
isms always met with by him in typhoid cadavers in the intestine, 
frequently also in the mesenteric glands, and further in the 
lungs, kidneys, heart, larynx, and in the pia mater (Hohlrüumen 
der Pia Mater). Klebs also endeavoured, by means of control- 
ling investigations, to bring forward indirect proof of the specific 
nature of these bacilli. They were never found in non-typhoid 
intestines. 

This preliminary communication was afterwards completed by 
Klebsf in an exhaustive work, in which he brought forward also 
his experimental researches in regard to the cultivation and 
successful inoculation of the ''bacillus typhosus" in animals. 
For the present we shall not consider these experiments on 
cultivation and communicability, as it is of the first importance 
io determine the existence of the organisms in the diseased 
organs, as well as their shape and arrangement. According to 
Klebs, ‘‘the bacillus typhosus, at the acme of its development, 
forms long, undivided, and unbranched threads more than 50 y. 
in length and not quite 0:2 μ. in breadth, provided no develop- 
ment of spores takes place. In the latter case their diameter 
may increase up to 0°5 w. The spores lie in a row, closely one 
behind the other. Before the bacillus typhosus attains this, 
degree of development it forms shorter rods, which even already 
may contain spores, and tbese usually at the extremities; the 
transition to threads is led up to by & stage of small rods, 
arranged in rows, and not containing spores, which probably 
result from the transverse division of tho larger rods, which are 
increasing in length (cartilages of larynx, intestine). The thread- 
like variety is found both in the form of thick mycelium in 
the tissues (intestine and larynx), and in that of parallel bundles 


* Virchow's Archiv, vol. 83, 1881. 
$+ Klebs’ Handbuch der Pathol. Anat., 7 Lieferung, bearbeitet von Prof. Eppinger. 
1 Archiv f. ezper. Pathol. vnd Pharmak., 1881, Bd, 18, Heft 5 u. 6. 
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From his own investigations Koch considers the presumption 
as justified, that the short bacilli described by Eberth stand in 
real causal connection to enteric fever, whilst he is inclined to 
regard the long forms figured by Klebs as & secondary phenome- 
non. <A definite conclusion as to the signification of these 
different bacilli cannot, however, bo arrived at from the fore- 
going facts. As has already been mentioned, Eberth had 
specially insisted in his first publication on the property of tho 
short bacilli to take on staining materials feebly, as a cha- 
racteristic of them. Koch, on the contrary, succeeded in stain- 
ing these organisms deeply, even in sections, as his photographs 
of bacillary masses from the spleen, kidneys and liver show, to 
obtain which the essential element is that tho preparations bo 
stained with bismarck brown. 

In passing, it may be further observed that these photographs 
were prepared before the appearance of Eberth's first publication. 
Koch is in complete accord with Klebs, as with Eberth, respect- 
ing the signification of the groups of micrococci found in some 
cases of typhoid, regarding them as something secondary. 

We owe a further valuable contribution to our knowledge of 
typhoid bacilli to W. Meyer,* a young physician, since unfore 
tunately deceased at the outset of his career, and a sacrifice to 
his profession. Under the direction of C. Friedlünder he ex- 
amined, in a considerable number of cases, the intestinal lesions 
in regard to the presence of micro-organisms, and for preference 
directed his attention to the most intact, swollen, Peyerian 
patches and solitary follicles. His examinations were made partly 
on cover-glass preparations, stained with gentian violet, but. 
more frequently on sections, rendered transparent by 8 per cent. 
potash solution or concentrated acetic acid. Meyer was not 
completely successful in staining the bacilli in sections. In 
Sixteen out of twenty cases examined the same short bacilli 
were found as had been described by Eberth and Koch. On the 
other hand, Meyer could only observe tho fungus-like, thin, long 
threads lying in bundles as described by Klebs, in isolated, 
necrotic sloughs. They seemed to him to bo ““ the highest typo 
of schizomycetes occurring in the sloughs.” Alone with these 
he frequently found also in the necrosed parts colonies of micro- 


* Untersuchungen über den Bacillus des Abdominaltyphus, Inaug. Dissert., Berlin, 
1881. 
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T wo explanations of this circumstance might obviously be given: 
either in the cases examined with a negative result, the whole of 
the bacilli had already perished before the diseased process set 
up by them had run its course; or the demonstration of bacilli 
still present had failed, owing to the technical difficulties in the 
way of finding scattered groups of them. The fact that the 
bacilli in many cases could be observed after ἃ very long duration 
of the disease whilst they wore absent in other cases of short 
duration, unquestionably might be advanced against the exclu- 
sive applicability of the former explanation. 

On the other hand the correctness of the second assumption 
was rendered probablo by various circumstances. Indeed in 
other maladies, proved to be produced by bacteria, the number 
of parasites present in the body is not always in direct propor- 
tion to the severity of the illness. Asan example of this, the 
grentest differences ure found even in splenic fever and in arti- 
ficially induced traumatic infection in animals which are infected 
in the same way and killed within the same time after the inocu- 
lation. It must be added that in typhoid the examination in 
itself presents special difficulties, because the bacilli do not 
occur uniformly scattered throughout the body but in small, 
disseminated colonies in the organs. One will, however, regard 
the cases yielding a negative result with a certain reserve if one 
considers what a minute fraction of tissue is examined when 
even & hundred or more sections have been made. My own 
observations, at nll events, completely justify such a standpoint. 
As regards the selection of organs to be examined it seemed 
to me judicious not to lay too much stress on the detection 
of bacilli in the discased portions of intestine. If one examines 
swollen plaques und follicles as intact as possible, as Meyer 
preferred to do, one will certainly not easily feel in doubt 
as to the signification of the discovery of bacilli. But the 
conditions are different in those cases in which sloughing and 
ulceration have already set in. Here it is extremely difficult to 
differentiate with certainty the typhoid bacilli which may he 
present from other rod-like forms which, coming from the con- 
tents of the intestine, have migrated into the necrosed tissue, but 
evidently stand in no relation to the diseased process. In the 
mesenteric glands, however, in the spleen, liver and kidneys, the 
typhoid bacilli—by which I shall henceforward mean the bacilli 
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of Eberth and Koch—are found not only in perfect purity 
but also arranged in such a characteristic manner that any con- 
fusion with other organisms appears to be excluded. (Plate V., 
figs. 15 and 16.) 

Accordingly I have only accepted a result as positive when I 
have found at least one characteristic group of bacilli in one of 
the organs named. Obviously it would be highly desirable to 
extend the observation in every single case as far as possible to 
all the organs, but I have had neither time nor material for this 
investigation. The sections of the organs, hardened in alcohol, 
were treated in the following manner. First, they remained 
from 20 to 24 hours in a deep blue, opaque staining fluid, which 
was freshly prepared for each examination by pouring a saturated 
alcoholic solution of methylene blue into distilled water. Then 
they were washed in distilled water—not acidulated—thoroughly 
dehydrated in absolute alcohol, cleared in oil of turpentine and 
mounted in Canada balsam. In preparations thus treated the 
larver bacillar groups especially stand out so markedly, even with 
a low power, that with a little practice one can scarcely overlook 
them. In searching for the groups I made use of the combina- 
tion AA and oculur IV. and for the further investigation the 
homogeneous immersion lens jl ocular II. (Zeiss), of course 
along with the employment of Abbé's condenser. 

I next give a résumé of the cases of typhoid examined :— 

The sign — means ‘‘ not examined." 
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Thus the typical bacillar masses were absent in only two of 
the 28 cases of typhoid fever examined. In the former of 
these two cases, besides old intestinal ulcerations, there existed 
also recent ones. On examining one of the latter, numerous 
organisms exactly corresponding to typhoid bacilli were found in 
every section, aud not only superficially in the base of the ulcer 
but penetrating deeply into the intact tissue. Whether one had 
here to deal with the initial stage of a relapse must remain 
undecided. The negative result in the second case can scarcely 
surprise us. Death occurred towards the end of the fourth 
week of the disease, not owing to the typhoid process as such, 
but as the result of peritonitis from perforation, and at a period 
when only smooth scars could be observed in the gut. Possibly 
one might, even in those two cases, have found scattered groups 
after a more prolonged search. In this connection I would draw 
attention to the fact that in Case 18 (death on the 39th day of 
disease, with only clean ulcers in the intestine) a bacillar mass 
could be found only after the examination of more than a hundred 
sections of the spleen. 

In order not to pass over in silence any of the cases of which 
the organs were placed at my disposal, I would mention the 
following :—Fusilier D., in Wittenberg, contracted typhoid fever 
at the time of the epidemic to be afterwards described,* and died 
on the 51st day of the disease as the result of pleuro-pneumonia 
of the right side. At the autopsy only a very few cicatrices in 
the intestine were found as the residue of his typhoid; ulcers 
were nowhere to be seen. In the organs no typhoid bacilli were 
found. us may be conecived. Finally, I have to mention the 
fulluwing case, not referred to in the above summary on another 
cround. The patient was a male, aged 19. treated in the 

Stulticeies Krankenhaus, Friedrichsheim, who died suddenly at 

the cud of the third week of the disease. The diagnosis during 
lite as well as at the autopsy was that of typhoid fever. An 
extensive invasion of mierocoeei was observed upon mieroscopie 
examination by Dr. C. Friedlànder, to whom I am indebted for 
the organs. In iis ease the attempts to seareh for typhoid 
bacilli among the very exeeptionally numerous masses of micro- 
cocci in the organs had soon to be re linquished as hopeless. 
Morcover, it must be reserved for further investizations to decide 


* The ies:riptien of this epidemic ha- not been considered necessary.—J. J. P. 
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whether the clinical and pathological picture of enteric fever may 
not exceptionally be produced by a similar invasion by micrococci 
taking place from the intestine outwards, without any participa- 
tion of tvphoid bacilli in the process. 

From the fact that in 26 out of 28 cases of enteric fever the 
presence of these characteristic bacillar masses was demonstrated, 
the view, that these organisms are in reality the cause of the 
typhoid process, has without question increased in probability 
to a high degrec. It need scarcely be mentioned that no masses 
of bacilli, even at all similar, have ever been met with in the 
organs of persons dying from other diseases, in the exception- 
ally numerous investigations conducted at the Office of Public 
Health. 

I can offer no judgment upon the relation which the number 
of masses found bears to the stage of the typhoid process, 
because information is wanting as to the duration of tho dis- 
ease in many of the cases. In looking through the summary 
one will find the experience of Eberth and Meyer generally con- 
firmed, that the bacilli are the more numerous tho more recent 
the process. When, as an exception, many bacillar masses were 
observable in old standing cases, possibly recrudescences were 
being dealt with. 

My results agree entirely with the descriptions given by Eberth, 
Koch and Meyer in regard to the shape and appearance of the 
bacilli. (Plate V., fig. 16.) On tho average they are about 
thrice as long as they are broad; their length corresponds to 
about the third part of the diameter of a red blood corpuscle. 
In isolated spots one may see somewhat longer threads, which 
on more thorough examination can, however, be seen to be 
made up of several members.  Trifling differences in breadth 
occur even in different cases in the same epidemic, but this 
appearance is to be referred only to the greater or less intensity 
of the staining of the sections; at least I have never been able 
to observe it in preparations on cover-glasses, in which the 
staining is always deep. The extremities of tho bacilli are 
distinctly rounded off. In several of the cases I examined, the 
bacili found in the internal organs contained unmistakable 
spores which appeared as round portions, remaining unstained 
and occupying the whole breadth of the bacilli. 

Attention has been drawn to a special structure in the stained 
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bacilli by Meyer," and in greater detail by C. Friedlinder.t 
These authors found in the otherwise uniformly stained substance 
of the bacilli circular or elliptical unstained portions, which 
occupied from one-half to three-fourths of the width of the 
bacilli and generally lay in the centre of the breadth of the 
organism or more rarely along the sides, where they presented 
themselves as almost semicircular defects. Dr. Friedlünder had 
the kindness to show me the specimens in question. 

I myself in my preparations have never found this appearance 
40 clearly pronounced, although it sometimes has appeared to 
me us if the contents of the bacilli did not stain quite uniformly. 
At ull events the spores which I have found in the bacilli, which 
ulways occupy the entire breadth of the bacilli, are not identical 
with these portions, which remain unstained and are limited to 4 
purt of the breadth of the bacilli. A positive opinion upon the 
position of the spores can scarcely be arrived at in sections, but 
they seemed to me to be at the extremities. I shall return to 
the point in greater detail in describing the cultivated bacilli. 
As regards the distribution of the bacilli in the separate organs 
1 shall in the first place say a few words about the condition of 
the intestine. In almost all the cases examined in which the 
process had gone on to sloughing and ulceration, numerous 
organisms of different shapes, both bacilli and micrococci, were 
found in the necrosed tissue and in the base of the ulcers. 
In the deeper luyers of the mucous membrane, which still took 
on the nuclear stain fairly well, there were sometimes observed, 
in addition to those which exactly resembled typhoid bacilli, other 
forms of baeilli, viz., longer, more delicate threads intermineled 
with exeeptionally slender bacilli and broad rod-like bodies which 
stained deeply. It was not always possible to recognize typhoid 
baeilli with certainty among these various organisms. In such 
eases I sometimes found vessels quite filled with long bacillar 
threads, closely packed together and lying parallel to the long axis 
of the vessel, quite corresponding to the drawings given by Klebs. 
In those recent cases, however, in which there was no trace of 
loss of substance or necrosis in the marrow-like, swollen portions, 
and in which the cells still presented deep nuclear staining, only 
the one form was found in greater or less abundance, viz., short 


* Loc. cif. 
t Verhandlungen der Physiolog. Gesellsch. zu Berlin, 15th November, 1881. 
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in lesser number in the spleen, whilst they could not be 
demonstrated by him in the liver and kidneys. This latter 
circumstance might perhaps be alone due to the fact that 
Eberth did not succeed in staining the bacilli in sections 
sufficiently deeply. More recently also he seems to have had 
no better results in this respect.* Koch, on the contrary, 
found the masses in stained sections both of liver and kidneys 
without difficulty. As is manifest from the summary given 
above, I myself have examined in the great majority of cases 
the spleen, then the liver and then the kidneys and mesenteric 
glands. Among the 26 cases yielding a positive result the spleen 
was examined in 22, and in 20 of these bacillar masses were 
found; the liver was cxamined in 18 cases and bacillar masses 
observed in all without exception; the kidneys were examined 
in 7 cases, three times with a positive result ; finally, the mesen- 
teric glands were examined in 4 cases and the characteristic 
masses found in 8 of them. 

On the whole, I have gained the impression that the masses 
in the spleen and liver are much more numerous than in the 
kidneys. I must leave it undecided whether this appearance 
may not have partly for basis the cireumstance that single bacilli 
are frequently excreted through the kidneys, and so no oppor- 
tunity is given for the formation of easily observed masses. I 
have, however, never found bacilli in the urinary tubules. Where 
it was possible to decide the matter, the masses always lay in the 
capillaries or smallest blood-vessels. (See Plate V., fig. 15.) In 
the liver also the bacilli always lay in the blood-vessels, often 
completely oceluding small capillary areas. (See Plate V., fig. 
16.) Ina few cases in which the bacillar masses were specially 
numerous, [I have also met with isolated rods, or small groups 
of them, between the blood corpuscles even in transverse sections 
of larger blood-vessels, in the liver and mesenterie glands. In 
nearly half of the cases examined I have also found in the liver 
roundish uggregations of irregularly shaped nuclei, as had already 
been seen by FriedrielrE in 1857 in ἃ case of typhoid fever, and 
had been regarded by him as lymphatic tumours. I eannot decide 
whether these growths, which occur in the liver in leukiemia also, 
have any relation whatever to the typhoid bacilli. They were first 


* Compare Vulkmann, Sammlung Klinischer Vortráge, 1883, No. 226. 
t Virchow's Archiv, Bd. xii. 
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bacilli, typhoid bacilli behave in the same way as almost all 
other micro-organisms, i.e., they are decolorized at once in nitric 
acid and take on the second staining material employed for the 
coloration of the tissue. Finally, I ought to say some words 
about the occurrence of groups of micrococci in the organs of 
typhoid patients. Leaving out of consideration the intestinal 
condition, I have found micrococci in only one out of twenty- 
eight cases, and these in the mesenteric glands. This was a 
case in which numerous characteristic groups of typhoid bacilli 
were observed in the spleen, liver and kidneys. The now pretty 
generally accepted view, that the micrococci have in themselves 
nothing to do with the typhoid process and that their presence 
is, on the contrary, a purely secondary phenomenon, receives 
therefore new support from my investigations. 


THE CULTIVATION OF TYPHOID BACILLI OUTSIDE THE BODY. 


If the attempts to cultivate the typhoid organism made within 
recent years have not afforded any satisfactory results, the reason 
has lain undoubtedly in part in faults in the method employed. 
For instance, cultivation experiments were organized without a 
sufficient understanding having been arrived at by anatomical 
examination as to which form of organism was to be regarded 
as the probable cause of the disease. Thus it happened 
that micrococei growing in the cultivations were regarded as 
typhoid germs without further inquiry, whilst. as we have seen, 
Micrococei oecur in the internal organs of typhoid cadavers only 
quite exceptionally and as something accidental, and on the 
contrary a definite form of bacillus is almost invariably found. 
A second fallacy was that in the cultivations quite impure 
material was made use of, such as tke evacuations of patients. 
in regard to whieh one never knew whether they contained any 
ty phoid ; verms or net. 

As early as in the year 1370 ἃ ecmmuniestion was made Fy 
Coze and Felt: that the SN bad found in the blood of typhoid 
patients an erganiced fern nent, the shape of which reealled tha: 

ef “ bacterium eatemua.’ I the vear 1919 this inquirv was 
farther pursued by Fekzto in the flowing manner:—typhoid 
Hlood, taken with the vreatest poesis .2 avoidance of accidental 
impurities, Was pou ied into tlasks free from orzanisms, and then 


* Quoted in Vircbow-Tilsrel’s 0. b-esdericis for 1879, 
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pical examination of the intestine of a rabbit, observe conditions 
which seemed to him decidedly indicative of the infective process. 
Klebs does not hesitate to interpret the process as identical with 
that of ileo-typhus in man. 

The subject was a rabbit, to whose food a small quantity of a 
cultivation had been added and about 0°5 c.cm. of the same 
had been injected subcutaneously. The animal died after 47 
hours without any notable elevation of temperature having 
occurred. At the necropsy, performed six hours afterwards, the 
spleen was moderately cnlarged ; the lowest plaques in the small 
intestine were greatly swollen but not ulcerated. The mucous 
membrane of the vermiform appendage showed roundish and 
oval prominences of a whitish colour and smooth surface, along 
with brownish-red staining at various points, which here and 
there extended into the substance of the mucous membrane. 
The contents of the gut were rich in bacilli, for the most part 
short and with terminal spores. In the follicles there were 
present large numbers of short, rather thick bacilli, some con- 
taining spores, usually a central one. The extremities of the 
bacilli were rounded off but some were pointed. Tracts of 
extremely delicate, slightly sinuous threads, which entirely filled 
up the marginal sinus (Rundsinus) of the follicles, were also 
present in the hemorrhagic, infiltrated parts at the periphery of 
isolated follicles. On the ground of this observation, Klebs 
regards it as a proven fact ‘‘that the bacillus typhosus under 
favourable circumstances, even in the mucous membrane of a 
rabbit, develops into that form of thread-like mycelium, which, 
in the human intestine, may permeate the whole thickness of the 
typhoid patch and fill the blood-vessels.” 

One can certainly only agree with Eberth when he says in 
reply,* '* I should be very glad to subscribe to this dietum, were 
it not that one is dealing with a single isolated fact and one 
which admits of another interpretation. It is, however, quite 
possible that we have here to do with a mycosis not of a typhoid 
nature." I might add to this reflection of Eberth's another 
which concerns the morphology of the organisms found by Klebs 
in the intestinal mucous membrane of his rabbit. Palpably two 
quite different forms were present—viz., short, thick, rod-shaped 
bodies and long, extremely delicate threads-—and this apart from 

* Loc. cit., p. 2013. 
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quaera] taberculosis. At the autopsies no changes were found 
which eoald be held to indicate » bygone typhoid process. I 
sus leave it undecided whether the tuberculous disease im its 
earlier stages did not already exist while the animals were being 
thes fed. I mention this point in reference to the view entertained 
‘by several authors, especially αἱ a former period, that taberoy- 
lous subjects possess a certain immunity against enteric fever. 

In one monkey a large quantity of typhoid becilli, cultivated 
liquid was obtained, of which a Pravas' syringefal was intro- 
duced into the blood current. The operation, performed under 
-ehloroform and with the strictest observation of antiseptic pre- 
autions, passed off without any reenltapert from the afr effects 
of the narcosis. In particular no rise of temperature occurred. 
In one case s cultivation was inoculated in the vicinity of the 
sternum without the occurrence of any reaction whatever. For 
the further experiments upon animals 16 rabbits, 18 guinee- 
pigs, 7 white rats, 11 white and grey house-mice, 4 field-mice, 
4 pigeons, 1 fowl and 1 calf were employed. The infective 
mattor was sometimes mixed with the food, sometimes injected 
suboutaneously into the abdominal cavity or into the blood 
‘urront. In somo rabbits the cultivations were also inoculated 
on the cornea or introduced into the anterior chamber of the 
eyo. I dosist from describing all these experiments in detail, 
and contont myself by stating that almost all the animals were 
unaffooted by the operation, and that in the very few which 
afterwards died no changes could be found which stood in any 
certain connection with the infection. In particular, no bacilli 
could be found in these cases. 

The calf mentioned above, a powerful, healthy animal, was 
repeatedly fed upon great quantities of cultivations containing 
wpores — When it was killed, a month and a half after the last 
infection experiment, there was nowhere any indication present 
either of an existing or of a past typhoid process. The Peyer's 
patches wore pale and without any trace whatever of ulceration ; 
the apleen and meeenteric glands were not swollen. 

Although the prospect of arriving at a full understanding of 
the etiology of typhoid fever by means of experiments upem 

s eppenre ὁ slight one om a survey of the zemla ef | 


ETIOLOGICAL SIGNIFICATION OF THE TYPHOID BACILLI. 245 


former and of my own experiments, still the possibility is not 
excluded that this object may be successfully attained by altered 
methods of experimentation or by the employment of other 
animals.* Till then we must content ourselves with the careful 
anatomical examination of the organs of fatal cases of typhoid 
fever and extend further the results thus obtained by accurate 
cultivation experiments. At all events we are now in a position 
to be able to examine suspected drinking water, air, or soil for 
the presence of these organisms and their spores, which we must 
regard with the greatest probability as the cause of enteric fever. 


DISCUSSION OF THE ETIOLOGY OF TYPHOID FEVER FROM THE 
STANDPOINT OF THE KNOWLEDGE OF TYPHOID BACILLI NOW 
OBTAINED. 


If I make the attempt in the following pages to discuss briefly 
the principal questions in the etiology of typhoid from the 
standpoint of the results obtained by research, I do so really in 
reference to the epidemic to be described in the appendix to this 
work. I have thought it well to give my views in their entirety 
here, and to allow the description of the epidemic itself, and of 
the researches with regard to its origin, to follow in the 
appendix.t 


ETIOLOGICAL SIGNIFICATION OF THE TYPHOID BACILLI. 


The question which first comes under consideration and at 
the same time is the most weighty, is, whether we are now 
justified in regarding the bacilli, described in detail in the first 
part of this work, as specific for enteric fever and as its cause. 
As has already been mentioned, Eberth thinks himself in a posi- 
tion to answer this question in the affirmative, on the ground of 
his own researches and of those of R. Koch and W. Meyer. 
Eberth lays particular weight, and with justice, upon the point 
that the typical typhoid bacilli could never yet be observed in 
any other morbid process. He himself had examined numerous 
cases of different diseases, amongst them being twelve cases of 


* See the remarks made by Dr. Koch in his second paper on Cholera, which follows 
later in this book. 

+ This epidemic occurred in the Military Barracks in Wittenberg, and was distinctly 
traced to infection of drinking water from latrines, The description of the epidemic 
is not included in this translation.—J. J. P. 
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intestinal tuberculosis, without meeting with the characteristic 
becillar masses which occur in typhoid, even in a single case, 
‘Meyer also, in similar controlling investigations, never en- 
countered bacilli which could be mistaken for typhoid bacilli. I 
have already stated that the bacilli never have been found in 
organs of cases not dying of typhoid, in the numerous examise- 
tions made at the Office of Public Health. 

On the other hand, the bacilli have not been observed in all 
the cases of enteric fever up to the present, Eberth found then 
in 18 out of 40 cases examined, Koch in about the half of the . 
cases examined, and Meyer in 16 cases out of 20. A part of 
these negative results is undoubtedly explained, as Eberth has 
“specially insisted, by the bacilli being generally present in emaller 
number the older the diseased process. But the circumstance 
that the bacilli are particularly numerous, and consequently 
much easier to find, in recent cases is justly considered by 
Eberth as of value as regards their etiological signification. . 

. A further explanation of the fact that the becilli have not been 
observed in a great number of typhoid cases lies without doubt, 
as I have previously pointed out, in the difficulty of the exami- 
nation. I would here remind the reader that neither Eberth 
nor Meyer succeeded in staining the bacilli in sections; and 
further, that in many of the cases which I investigated the first 
bacillar groups were encountered only after the examination of 
8 very large number of sections. If one considers these cir- 
cumstances and further, that the bacilli were observed in 26 
out of 28 cases of enteric fever which I examined, one must 
admit that now we have every justification in assuming the 
presence of these organisms in enteric fever as constant. We 
are the more justified in adopting this view, seeing that a positive 
result has been noted in the cases which I examined only when 
one of the characteristic bacillar masses had been found in & 
section of the spleen, liver, kidneys, or of δ mesenteric gland, 
quite apart from the condition of the intestine. But, in re- 
garding this exclusive occurrence of one and the same form of 
micro-organism in 8 definite infectious disease we are not 
dealing with merely single isolated fact. We already know 
other different processes of this sort in which the conditions 
are entirely analogous. Thus quite characteristic, delicate 
Dacilli are always found in leprosy, regarding which it has nob 
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from ὁ typhoid patient, or oan the virus originate spontaneously - 
For sortie decades -past ‘endeavours have been made ἴο 
reasons and observations, sometimes for the; one, sometirnes dar 
the other view, but no agreement bas been arrived at up-te'thd: 
present. If I range myself upon the side of those who consider: 
the typhoid ‘bacilli ss specific organisms and their origin-from: 
putrefactivo bacilli a$ at least very improbable, it is upon. the ᾿ 
following grounds: in almost all the cases of typhoid fever’ 
which I have examined, whether they camo from Berlin. 
hospitals, from, St. Petersburg or from Wittenberg, there was 
- always present a definite form of rod-shaped organism in ths: 
internal organs, arranged in quite a characteristic manner and 
undoubtedly the same as had previously been. observed at 
various times and in various places by Eberth, Koch, Meyer 
and C. Friedlinder. Anatomical examination gives us not 
the slightest ground for thinking that these bacilli had anything 
whatever to do with putrefaction. To all appearance they did 
not proliferate after death, as one does not find that the masses 
aré at all more numerous or larger in cases in which putre- 
faction has already set in, than in those examined as soon after 
death as possible. Further, in an organ removed as early as 
possible from the body, although it may contain ever so numerous 
masses of bacilli, all coarse signs of commencing putrefaction 
perceptible to the senses are awanting. In the same way the 
microscopic appearance of the tissue presents nothing suggestive 
of that process. The nuclei in the vicinity of the masses stain 
rather exceptionally deeply with aniline stains, whilst the bacilli 
themselves, (apart from the conditions found in the intestine,) 
slways form limited masses and never permeate the organ in all 
directions, as we are accustomed to see in the case of putrefactive 
I would also adduce as a very weighty argument against the 
view that typhoid bacilli have any connection with putrefaction, 
the fact that, when cultivated outside the body, they never 
become causes of putrefaction, as far as my researches permit of 
a judgment. I have carried out ἃ great number of cultivations 
in succession with those derived from thirteen different cases and 
the bacilli never produced putrefaction in substances extremely 
liable to putrefaction, in spite of their luxuriant growth. Even. , 
when cultivated outside the body for more than s year, nothing .. 


















. whether or not these were epidemics of enterie fever, exnnok now 
be decided; weighty arguments may be advanced beth for sad 
against it. We should, however, find ourselves in a much more 
favourable position as regards diagnosis if another epidemie of 
the sort were to break out and an opportunity were afforded fer 
making = post-mortem examination of some of the sefleren. 
The examination of the organs in sections as well as appropriate 
cultivation experiments would, beyond question, decide whether 
an invasion of typhoid bacilli lay in reality at the root of the 
disease, or whether we were dealing with a process which is pro- 
duced by other, perhaps also rod-shaped, organisms. Should the 
latter prove to be the case we must consider the two processes 
from an etiological standpoint as different, however closely they 
might agree in their clinical phenomena. 














BEHAVIOUR OF THE TYPHOID ORGANISMS OUTSIDE THE HUMAN BODY. 


Typhoid bacilli, as we have seen, form spores inside the organs 
of the patient, especially in those portions of the intestinal 
mucous membrane which are permeated by them. There can 
be no doubt that this occurs in the typhoid bacilli present 
in the intestinal contents. The typhoid organisms are thus 
evacuated along with the dejections of the patient in their most 
resistent condition, 4.e., as resting spores, and thus pass into 
cesspools, &c., or into the ground. We must in this wise 
imagine the further behaviour of these permanent spores outside 
the economy, that they remain in a quiescent condition for a 
long time for want of suitable nutriment until they arrive by 
chance in a body capable of being infected and there developing 
into bacilli, begin anew their cycle of existence. The experiments 
we have just communicated make it, however, in the highest 
degree probable that their development does not occur only in 
the human organism, but that, like the bacilli of splenic fever, 
they may sprout and form bacilli in favourable circumstances, 
even outside the animal economy, may increase enormously in 
numbers and in the warmer part of the year may form spores 
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that the spores of the typhoid bacilli are taken up in drinking 
water, or, in rare cases, along with articles of food ; whether it 
be that they are inspired with the air breathed, remain attached 
to the mucous membrane of the mouth and throat and are 
afterwards swallowed, in all probability they pass without damage 
through the stomach, sprout to form bacilli in the alkaline contents 
of the intestine, multiply there and penetrate into the intestinal 
mucous membrane at those spots which are most adapted for their 
reception, viz., the Peyer's patches and solitary follicles. After- 
wards they arrive in the mesenteric glands, where they form the 
very numerous characteristic masses, and are then carried away 
in the blood current into the other organs. Becoming fixed here 
and there in these, they multiply to form those groups, the 
almost constant presence of which in the spleen, liver and 
kidneys has been described in detail in the earlier part of this 
work. Obviously the infection will be more certain to ensue 
the greater tho number of spores taken into the body. In regard 
to this point also the conditions may be quite analogous in 
typhoid fever to those briefly sketched in connection with feeding 
experiments carried out with anthrax spores. 


BEnLiN, February, 1888. 
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ON ERYSIPELAS. 


——————— 


THE word ἐρυσίπελας i8 used as early as Hippocrates, but its 
derivation cannot with certainty be determined. The simplest 
derivation would be from ἐρνθρός, red, and πέλλα, skin, and this 
is the nearest approach to the meaning which we attach to the 
word at the present time. 

It is very tempting to translate phrases such 88 φλεγμονή xai 
ἐρυσίπελας Ἔ ag inflammation and redness of the skin. An argu- 
ment against the derivation from mea, however, is the fact that 
Hippocrates does not designate diseases of the skin only by the 
word ἐρυσίπελας, but on the contrary speaks much more frequently 
of an ἐρυσίπελας ἐν τῷ πλεύμονι and ἐν τῇ ὕστερη than of an erysipelas 
of the skin. 

A more likely derivation would be from épvépés and πέλας --- 
tumour or swelling—which Billroth has suggested. I would 
prefer to trace the word from ἐρυθρός and seAós— pallidus, lividus. 
In support of this may be cited particularly a passage from 
Galen, where it is said of phlegmon and erysipelas : ‘‘ dissident 
primum et maxime colore. Quum enim is ruber sit, phlegmone 
affectum appellant, quum pallidus flavusve vel ut ex pallido 
flavoque colore mixtus, erysipelas." 

As already mentioned, Hippocrates comprises under the name 
ἐρυσίπελας not only almost all acute inflammatory affections of the 
skin and the subcutaneous connective tissue, but also various 
kinds of inflammation of the internal organs. Nevertheless 
there can be no doubt that he was well acquainted with the true 
rose or genuine erysipelas of modern authors. He describes it 
so minutely in the third book on epidemics that no mistake is 
possible. He says that at certain seasons of the year erysipelas 
becomes epidemic. He mentions that it often originates from 
small inconspicuous wounds, sometimes even arising without 


* Hippocrates, ἐπιδημίων τὸ τρίτον, τμῆμα τρίτον. 
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of those low organisms of the class of so-called schizomycetes 
(Spaltpilze).* He thought also that he had found the germ of 
erysipelas in the form of *'little actively moving eocci"" in the 
blood, and in the little drops of clear fluid which could be 
squeezed out of the erysivelatous skin when prieked with a 
needle. Later on Lukomsky, Billroth and Ehrlieh, Tillmanns, 
M. Wolff, and others published the discovery of bacteria in 
erysipelas. Lukomsky? found, in the post-mortem examination 
of those who had been affected with erysipelas, mierocoeci in 
the blood and Ivmph-vessels of the skin and subeutaneous tissue, 
as well as in the capillaries of the kidneys and muscular sub- 
stance of the heart. In phlegmonous erysipelas Billroth and 
Ehrlich3 noticed bacteria in the blood and lymph-vessels of the 
skin, in the subcutaneous tissue, in the capillaries of the liver 
and kidneys, as well as in the urinary tubules.  Tillmanns|| 
observed the connective tissue spaces, the lymph-vessels and 
smaller blood-vessels of the skin filled with a growth of micro- 
cocci. He remarks, however, particularly that they were chiefly 
found in connection with ''pysmmie erysipelas," and he thinks 
that in the pure form, as a rule, micro-organisms were not 
present. Consequently, like Billroth and M. Wolff,€ he denies 
that erysipelas depends upon an invasion of bacteria. The last- 
named author had also found micrococci as well as bacilli in the 
blood of erysipelas patients, but he did not consider them to be 
the true cause of the disease. He only attributed to them the 
roll of carriers of an unorganized poison, which, however, might 
occur independently of bacteria and by itself cause erysipelas. 
Finally, a number of observers have discovered bacteria of 

different kinds in the contents of erysipelatous vesicles. But all 
these discoveries were not sufficient to give ἃ definite explanation 
of the nature of erysipelas. In order to establish the parasitic 
nature of a disease it is not sufficient to demonstrate the existenee 
of bacteria in the organism, nor is it enough, as R. Koch rightly 
points out, to find them in every case of the disease in question; 
but what appears to me the principal thing, there must also be 

* Berlin, Klin. Wochenschrift, 1869, No. 33, 5. 357. 

t Hutter, Grundriss der Chirurgie, 1880. 

1 Virchow's Archie., Bd. 60. 

§ Billroth und Ehrlich, Langenbeck's Archir., Bd. 20. 


|| Tillmanns, Erysipelas, Deutsche Chirurgie, b Lieferung, 1880. 
4 M. Wolff, Virchow's Archir., Bd. 81. 
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something, at least in their present nature, constant and un- 
changeable; and really the more characteristic & miasmatic con- 
tagious disease is, the more certainly has it existed in essentially 
the same form since the time to which historical research 
extends. When a disease appears with such specific characters 
we are justified in considering it ἃ distinct species, and its origin 
as something constant and unchangeable.” The pathogenic 
bacteria are certainly not quite so unchangeable as Henle thinks, 
or at least not all of them. Toussaint and Pasteur have found 
that the bacillus of anthrax can lose its poisonous propertics 
under certain conditions, and that it is possible to cultivate a 
physiological variety which is no longer pathogenic. The bacillus 
of anthrax does not however in any way change its morphological 
characters during this process, but on the contrary remains 
constant in form when subjected to Pasteur's new method of 
cultivation; and this is only one more reason for regarding it for 
the present as a constant morphologically unchangeable species. 

The task which I set myself in these investigations was in the 
first place to determine whether the same special kind of bac- 
terium could always be demonstrated in erysipelas ; and in the 
second place, if this were the case, to investigate if these micro- 
organisms stood in an etiological connection to erysipelas. 

I have already published in extenso the results of my investi- 
gations with regard to the first part of this task.* I have 
altogether examined thirteen cases, two of which terminated 
fatally, and in the remaining eleven small pieces of skin were 
excised, which were quite sufficient for the investigation and did 
no harm to the patients. The results agreed in all the cases. 
The lymph-vessels of the skin as well as those of the sub- 
cutaneous cellular tissue, but more especially those of most 
superficial layers of the corium, were found filled with micro- 
cocci growing in chains. In those places in which a particularly 
great development of the micrococci had taken place they were 
found lying in the lymph spaces and channels of the skin. (Fig. 12, 
Plate IV.) They never entered the blood-vessels however, and 
this fact I would like to emphasize as being directly opposed to 
ihe statements of Lukomsky, Billroth, Ehrlieh, and Tillmanns. 

In the quite recently affected parts of the skin, which do 


* V'erhandlungen der Würzburger medicinisch-physikalischen Gesellschaft, 1881, und 
deutsche Zeitschrift fir Chirurgie, B. xvi. 
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not as yet present any change to the naked eye, no alteration is 
discernible in the tissues. In the next zono, however, near the 
sharp edge of an erysipelas marginatum, the inflammatorv changes 
begin. The tissue of the cutis appears swollen, and along the 
lymph-vessels, which are filled with micrococci, there is a more 
or less extensive smull-celled infiltration. In still older parts of 
the affected skin there is only a small-celled infiltration and 
micrococci can no longer be demonstrated. With regard to the 
methods of investigation, as well as to the histological details, 
I must refer to my earlier works. R. Koch* has published 
quite confirmatory results, and his excellent photographs make 
further description unnecessary. (See Plate IV., figs. 11 and 
12.) 

On the strength of these investigations I even then believed 
that I was justified in declaring that these micrococei were 
specific pathogenie sehizophytes. But in order to determine 
this with absolute certainty it was necessary to cultivate them 
external to the human body. In the first place, Koch's method 
of cultivation on solid culture media 18 especially indis- 
pensable for the morphological determination of mierococci, 
becatise the minute spherical individuals of the different species, 
wlich are just visible in many cases, are uot easily distineuished 
rely one another, whilst the mode of their vrowth. the difference 
in form and the pecultar formation ef theo colonies become 
estecially clearly visible on the tramsparehd nutrient jelly. and 


ey . ἢ * * . - fj ^ Ν 
weneraily give Very marked distinguishing characters for each 
épécics. — Moreover. the experimental investigation of the 
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question whether the above-mentioned bacteria were capable of 
weducxz by themiscives a true ervsipelss coud not be deter- 


mined without pure cultivation, 
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of the others, and perhaps also because the erysipelas micro- 
cocci had already died out. Moreover I have convinced myself, 
by the examination of the contents of the vesicles of burns, that 
a chain-forming micrococcus is sometimes present in them which 
is very difficult to distinguish from the micrococcus of erysi- 
pelas. In order to avoid any possible mistake I used for my 
further researches only small pieces of skin cut out with heated 
scissors after the surface had been thoroughly cleansed and 
disinfected. I placed them on nutrient jellies of various com- 
position and on coagulated blood serum. After many failures I 
finally succeeded by placing the small pieces of skin in the 
nutrient jelly, liquetied at 40° C. in order to bring them into 
better contact with the nourishing medium than is possible by 
merely laying them on gelatine or on coagulated blood serum. 

The test tubes were kept for two hours at the temperature of 
the body, then, allowing the gelatine to become solid, I preserved 
them at a temperature of about 20° C. After two days there 
appeared on the cut surface of the tissue small white points, 
which grew slowly, and finally formed a delicate white layer. 
Then I inoculated a number of tubes containing gelatine with 
this culture, which had been first examined microscopically 
as to its purity. After 24 to 30 hours small white granules 
were observed forming along the needle track, which soon ran 
together and formed an opaque white layer. 

At the end of about six days the growth came to a standstill 
&nd did not further increase. During the space of two months 
I cultivated 14 generations in this way. Dr. Koch and Dr. 
Gaffky, who were kind enough after my departure from Würz- 
burg to undertake the preservation of the pure cultivation, have 
continued to cultivate it through many generations, and found 
that it grows particularly well at the temperature of the body on 
coagulated blood serum. On the latter the erysipelas micrococci 
form & white layer easily removable from the surface, and the 
cultivations cover a larger area than on the nutrient jelly, and do 
not cease growing so soon. The mode of growth on the artificial 
cultivation media is quite characteristic for the micrococci of 
erysipelas. In the pus of wounds, in pyiemia, in phlegmonous 
processes and such like, chain-forming micrococci occur which 
as single individuals I readily admit cannot be distinguished, and 
even as chains are very difficult to distinguish from the micro- 
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thus only a partial one, but at the same time it encouraged 
farther trials. 

The first case* in which I had the opportunity of producing a 
so-called erysipéle salutaire by means of the pure cultivation was 
in the case of a patient 58 years of age, under the care of 
Professor von Rinecker. She was suffering from multiplo fibro- 
sarcoma of the skin. There was ἃ large number of nodules in 
the left gluteal region, which formed a sack-like dependent 
tumour of considerable size and weight, so that the patient was 
much inconvenienced in standing upright, and especially in 
walking. On the 21st of August, 1882, at 3 P.»., a fresh 
cultivation of erysipelas micrococci of tho fourth generation was 
inoeulated on this tumour by making five superficial scarcely 
bleeding scarifications with the lancet. As indicated by the 
temperature chart the temperature was slightly increased next 
morning (37°5° C.), and about 10 a.m. a slight rigor took place. 
During the day the patient complained of loss of appetite and 
headache, and in the evening the temperature rose to 88°8° C. 
The punctures showed no change beyond a slight reddening. 
On the third day the patient was without fever, and felt bodily 
wel. At 4 a.m.on the fourth day, 61 hours after the inoculation, 
8 rigor occurred. The morning temperature rose to 40°5°, and 
at the morning visit there was apparent a slightly elevated 
sharply defined redness about half the size of the hand, a typical 
erysipelas marginatum. The orysipelas was separated from the 
punctures by an apparently normal piece of skin about 8 ctm. 
broad. Perhaps this erysipelatous eruption close to and not at 
the punctures is connected with the exceptionally long incubation 
stage, to which I shall presently refer. Moreover, the com- 
mencement of erysipelas a few centimetres from the wound is 
not very uncommon, and has been mentioned by others, especially 
by Roser. In the course of the fourth day the erysipelas 
spread decidedly, and the evening temperature was 40:6? C. 
During the next two days the temperature curvo indicated 
constant high fever. On the evening of the sixth day 
there was ἃ threatening of collapse which made the adminis- 
tration of stimulants necessary. On the evening of the seventh 
day the temperature rose to its highest point, 41:67. The 


* Verdffentlicht in den Sitzungaberichten der Würzburger medicinisch-physikalischen 
Gesellechaft, Bept., 1882, 
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the whole swelling, and had reached the size of about twice the 
palm of the hand. The temperature was 40°5° C., and there 
were several attacks of vomiting. 

17th September. Extension of the erysipelas over the whole 
of the right half of the thorax as far back as the posterior axillary 
line. Pulse frequent, sometimes intermittent. Headache severe. 

18th September. Sleep disturbed during the night, and at 
times slight delirium. 

19th September. The erysipelas had extended in front as far 
as the left edge of the sternum, and behind as far as the vertebral 
column. The patient complained of a sharp pain during deep 
inspiration, and an examination demonstrated a slight pleuritic 
effusion on the affected side. The tumours had distinctly 
lessened in size. 

20th September. A restless night, and continuous headache. 
The larger lump only measured about 3°5 ctm. in diameter, and 
the smaller ones could no longer be felt. 

21st September. Difficult respiration, and the pleuritic 
effusion reached to the lower angle of the scapula. The 
erysipelas extended behind beyond the spine, and in front in- 
vaded the left breast. In some places vesicles formed. The 
pulse was small and intermittent. Camphor was ordered 
internally. 

23rd September. The patient was free from fever, and felt 
well. The redness was somewhat less marked. During the 
evening the temperature rose again to 38:5? C. The tumours 
had entirely disappeared, and the skin lay perfectly flat on the 
thorax where formerly there was a hemispherical swelling. At 
one point only, in the scar of the old operation, ἃ hardness could 
be felt of about tho size of a pea. 

24th September. The erysipelas spread over tho left breast, 
as well as to the left side of the spine. 

25th September. The pleuritie effusion was entirely reab- 
sorbed. On the other hand, the erysipelas again brolie out in 
the region of the right scapula, where the redness had previously 
completely disappeared. 

2jth September. The erysipelas had still further extended as 
far as the umbilieus. The evening pulse was very frequent and 
intermittent. Camphor was ordered internally. 

28th September. The erysipelas had spread no further. 





it will remain so ean of eomea onis. be determined 
ther observation. 
h third ‘cage was & gi of B yug; whose right-epe kad 
enucleated during the summer session on account of an 
sarcoma. In a few weeks she had a relapse, and, on 
ifo the clinic, the whole of the orbital cavity was. filled 
üg.which at the inner canthus spread somewhat in - 
elim of the forehead. In the right masseteric and sub- 
1 regions several lymphatic glands could be felt from 
the size of a hazel-nut to that of a walnut. On the th October, 
‘at’ 6 Par, the child was inoculated from a cultivation of the 
» fourteenth generation, the skin in the neighbourhood. of the. - 
swelling being lightly scratched in six places with a knife and 
| % some of the inoculation material rubbed in. The-temperature 
j : Zirüse on the evening of the next day to 896? C., a rigor having 
V  oeeurred at 5.30. If this is considered to be the commencement 
-of the illness the incubation would be 28} hours. On October 
9th, at 2 a.m., the temperature sank 0°2°, and shortly after 
8 a.m. a rigor was observed which lasted three minutes, and 
at 4 o'clock the thermometer registered 40:8? C. This was the 
highest temperature, and the curve showed from this time until 
the morning of 11th October 8 steady fall to 86:8? C., but on 
the evening of that day it rose again to 89°8° C., and afterwards 
remained normal. 

The erysipelas commenced at the punctures on the upper and 
inner periphery of the tumour, and from these spread over the 
swelling and the right half of the forehead. The inoculation 
punctures situated on the lower half of the swelling, namely 
those on the cheek, developed somewhat later, and from this 
point the erysipelas extended as far as the submaxillary region. 
Possibly the two rigors and the interruption in the rise of the 
fever by the slight remission of 0°2° C. may be explained by 
the difference in the time of taking of the inoculations. The 
tumour became intensely red under the action of the ery- 
sipelas and covered with innumerable little vesicles, but & 
diminution in its size could not be demonstrated, although the 
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previously described glandular swellings shrank to more than 
half their original size. 

The fourth inoculation (culture 15th generation) was performed 
on the 14th October at 5 o'clock in the evening, on ἃ woman 
in her fifty-second year suffering from disseminated mammary 
carcinoma. Tho right breast had become an ulcerating tumour 
about the size of two fists, and in the axilla a mass of glands of 
considerable size could be felt. There were numerous small 
disseminated nodules, about the size of a bean, in the skin in the 
neighbourhood of the tumour. They extended backwards as far 
as the lower angle of the scapula. Nitrate of silver was applied 
in 8. circle round these nodules in order to see if the spread of 
erysipelas could be controlled. On the 15th October, at 12 
o'clock, 19 hours after the inoculation, the patient had a 
severe rivor and the temperature then registered 40:8? C., two 
hours later it was 4072? C., and in the evening it fell to 89:7? C. 
The erysipelas spread on the first day over the whole mamma, 
and as far back as the inferior angle of the scapula. In this, 
as in the previous caso, six small searifications of the skin were 
made and the cultivation rubbed in. The inoculated points lay in 
a semicircle along the lower and outer periphery of the diseased 
mamma, and the inoculated material appears to have adhered to 
all, so that immediately after the rigor the erysipelas spread over 
a large area. This method of inoculation seems to be the most 
suitable, and it was therefore afterwards regularly adopted.  In- 
oculation by means of puncture only succeeded in about half the 
first series of cases, but by the last method the result was more 
certain. Nevertheless if one wishes to be certain of the result 
it is well to inoculate several plnces, because at times, especially 
if some blood appears, the result may be negative at one place. 
On the following day the temperature curve was very irregular. 
The highest temperature, 40'0? C., was in the morning hours, 
the lowest 88:1? C. was noted at 4 P.x., and in the evening it 
rose again to 89:1? C. During the next three days the fever 
showed a nearly complete morning remission, while the evening 
temperature oscillated between 40:0? C. and 89:5? C. The ery- 
sipelas spread in the meantime in front to the middle of the 
left breast, and behind it extended about 10 centimetres beyond 
the middle line. On the evening of October 20th the reddening 
on the back became paler, but on the other hand the erysipelas 





oculated (16th cultivation), in order to ascertain whether, after 
the disappearance of an erysipelas, an immunity is conferred for 
some time. No erysipelas was produced. In order to exclude the 
objection that the cultivation was dead, a fifth patient, a girl 
29 years old, who was suffering from an extensive lupus of the 
face, was at the same time inoculated with the rest of the same 
cultivation. She had also recovered from an erysipelas of the 
face in December, 1881. The rigor appeared 47 hours after the 
inoculation; the temperature rose at once to 89:5? C., and reached 
on the same day 401? C. On the evening. of the next day the 
temperature was only 39:5? C., and on October 28th it fell to 
normal. The disturbence of the general health was in this case 
very marked. After the rigor several violent vomitings occurred, | 
and the patient complained during the whole time of a severe 
headache. The short duration may be accounted for by the-fae 
that the patient had 10 months before an attack of erysipelas st 
the same place. The lupus healed as a result of the erysipelam,, | 
with the exception of a few nodules in the neighbourhood of 
oatrils. sent ements seoopell σαὶ, und up V 

» relapse hes occurred. 
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The sixth patient, who was inoculated on November 9th at 
5 P.M. (culture 17th generation), was & woman of 40 years of 
age, who six years previously had been operated upon for the 
first time for mammary carcinoma. During the interval she had 
two returns of the discase, which was removed by operation. 
She had now enlargements of the glands of the axilla and neck 
which could not be operated upon. On November 10th, at 8 a.m., 
15 hours after inoculation, she had a rigor and the temperature 
rose to 39:8". As the temperature curve showed, the fever 
remained high for 11 days and ended by a sudden fall. On 
the 18th November one of the tumours was found to be soft 
and fluctuating, and on being opened discharged about 10 cub. 
cent. of a yellowish white pus-like fluid, and in 8 days the incision 
had closed. 

The erysipelas had spread over the whole anterior surface of 
the thorax, and over the shoulder as far as the spine, and had 
extended down the arm as far as the hand. With the exception 
of this nodule, which shrunk after the incision, there was not on 
the whole a general diminution of the swelling. With the same 
cultivation patients Nos. 9 and 5 were inoculated for tho third 
and second times respectively. In the case of the first patient 
(No. 3) the result of the inoculation was entirely negative, but 
in the last (No. 5) a slight redness developed, which disappeared 
after two days without fever. 

The seventh patient was a man 20 years of age who had 
suffered from lupus for twelve years, and had recovered from 
mauy attacks of erysipelas, the last occasion being during the 
summer. He was inoculated on November 22nd and 28th, and 
on each occasion without any result. 

It would be too soon, on the basis of these few observations, 
to form a decided opinion as to the therapeutic value of erysipelas. 
Naturally the inoculation of erysipelas can only be thought of in 
tumours for which operative measures are no longer available. 
In such cases, however, I think the expedient is undoubtedly 
justifiable, especial as the cases observed by Busch* and 
Volkmann + seem to prove at least the possibility of a permanent 
cure. The frequency of such a result can only be determined 
by further experience. Probably all tumours would not be 


* W. Busch, Berl. klin. Wochenschrift, 1866. 
t R. Volkmann, Erysipelas, Billroth und Pitha, 
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artificial ervsipelas without & pure cultivation. Numerous trials 
of direct infection from man to man, carried out in the most 
varied manner, always had ἃ negative result. This shows at 
least that the danger of infection from erysipelas patients is not 
very great. The bacteria which have entered the body perish as 
fast as they are produced. No opportunity is given them of 
reaching the surface again and thus infecting other individuals, 
because erysipelas, as a rule, does not produce any secretion which 
contains the infective germs except in the case where vesicles 
are formed. But even the contents of the vesicles are not very 
infectious, as may be seen from the numerous unsuccessful 
attempts at inoculation which are recorded in the literature of 
the subject, and to which I could add several instances. For 
the vesicles of erysipelas often contain, as mentioned above, 
either cocci already dead or none at all. The erysipelas micro- 
cocci would thus soon die out if they had not an ekanthropic as 
well as an enanthropic method of propagation. A proof of the 
possibility of this is shown by the circumstance that I have 
found that they may be cultivated not only on coagulated blood 
serum and nutrient jelly, but also on potatoes and at the ordi- 
nary temperature of the air, that is to say, under conditions 
similar to those which are found in the outer world. 

Regarding the incubation stage, the shortest observed (case 
No. 6) lasted 15 hours, the longest 61 hours (case No. 1), if 
we reckon from the moment of inoculation to the appearance 
of the first rigor, which period coincides fairly well with the 
time of the appearance of the redness. Disturbance of the 
general health, such as loss of appetite, headache, &c., was 
hardly ever absent during the incubation stage; a transitory 
increase of the temperature was, however, only observed in one 
case (case No. 1). 

Finally, the results of inoculation are interesting with regard 
to the question of immunity. There were seven persons inocu- 
lated, of whom six took erysipelas. The seventh patient, who 
was twice unsuccessfully inoculated, had previously suffered 
from frequent attacks of erysipelas, the last being a facial 
erysipelas from which he had recovered two or three months 
before. Of the other six individuals, two were inoculated on 
several occasions. Case No. 8 was a girl 8 years old, who was 
successfully inoculated on the 7th of October, and unsuccessfully 
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on October 24th and November 9th. Patient No. 5, who had 
recovered from erysipelas in December, 1881, deserves special 
consideration. The first successful inoculation was on the 7th 
of October, 1882, whilst the second inoculation on November 
9th, 83 days later, had no result. It appears, therefore, 
that an attack of erysipelas only confers a short period of 
immunity. 

Finally, I should like to state shortly the results of some ex- 
periments I have made concerning the behaviour of the erysipelas 
micrococci towards certain antiseptics. R. Koch* has shown 
that in testing the action of antiseptics on micro-organisms 
the presence or absence of spores in the material employed 
is not the only point to which attention must be directed, 
but that apart altogether from the spore stage different species 
of bacilli and micrococci show marked differences with regard 
to their power of resisting the action of antiseptic substances. 
Since, however, the behaviour of the pathogenic micro-organisms 
is mueh more important for the practitioner than that of the 
mixture of bacteria which until now has been chiefly used for 
the experimental testing of antiseptics, it appears desirable to 
examine with this object more minutely those micro-organisms 
which play a part in traumatic infective diseases of man. This 
is all the more advisable with the micrococcus of ervsipelas since 
the views of surgeons still differ considerably concerning the 
protection which the antiseptic dressing affords against ervsipelas. 
Unfortunately I was not able to test a large scries of antisepties, 
and at present I must confine myself to stating the results which 
were obtained by the two solutions chiefly emploved in the elinice 
of Professor von Bergmann, viz., ἃ 8 per cent. carbolic acid 
solution, and 1 per cent. corrosive sublimate solution. I pro- 
ceeded as follows:—I inserted a previously heated platinum 
wire, the point of which was roughened, into a well-developed 
cultivation, and then dipped it for a definite time into the anti- 
septie solution, and afterwards inoculated the nutrient jelly. 
After the 3 per cent. carbolic acid solution had acted for twenty 
seconds the cultivations developed as well as in the control 
vessels. After thirty seconds there was observed in only a 
certain number of the glasses a retarded and defective develop- 
ment; forty-five seconds sufficed to check it entirely. The 

* Mittheilungen aus dem Kaiserlichen Gesundheitsamte, 1 Band, 1881. 
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action of the 1 per cent. solution of corrosive sublimate was 
much quicker, for ten or fifteen seconds were sufficient to pre- 
vent the growth in the nutrient jelly. Of course these results 
only apply to the above described method of investigation, where 
ihe material to be disinfected adheres in a thin layer to the 
platinum wire and in a somewhat moist condition, so that the 
antiseptic solution can penetrate easilv. 

If the gelatine cultivation had been dry, or if some porous 
material such as linen, between the fibres of which micrococci 
can penetrate, had been impregnated with it, of course a longer 
action of the antiseptic would have been necessary to obtain the 
same result. Nevertheless it appears to me that the experi- 
ments show that by thoroughly disinfecting the hands and 
instruments with corrosive sublimate, and by repeated and 
thorough washing of the wound with carbolic acid we can pre- 
vent infection during an operation; and as regards an antiseptic 
dressing it is absolutely necessary to have one which shall 
effectually prevent the occurrence of ervsipelas, and numerous 
clinical observations have shown this to be the case with the 
Lister dressing. In the clinic of Professor von Bergmann there 
occurred, for instance, only two cases of erysipelas under the 
antiseptic dressing during the last nine terms, a number which 
might be easily explained by some error during the changing of 
ihe dressing, and which is all the more insignificant since 
erysipelas occurs frequently in Würzburg, and since several 
patients were attacked with erysipelas after operations on the 
face (where no effective antiseptic dressing could be applied) 
without its being possible to isolate them. 

Antiseptics such as iodoform, which according to experience 
do not protect against erysipelas, cannot, as the so-called iodoform 
phlegmon proves, afford sufficient guarantee against the entrance 
even of other excitors of inflammation, and should therefore only 
be employed when the antiseptic dressing cannot be used, or in 
combination with other antiseptics. Of course even the best 
dressing can only fulfil its purpose if a perfect disinfection of tho 
wound and its surroundings has preceded its application. 

For this purpose a strong solution of carbolic acid is the best, 
because it is the only one of the reagents which has as yet been 
tested which does not undergo chemical change in the wound, 
forms no coagulum, penetrates to some extent into the tissuos, 
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PRESENCE OF BACILLI (LEPRE) IN THE ORGANS. 


ALL the pathological products which are found in the progress 
of leprosy show with certainty in all the cases which I have 
examined the presence of a single and, so far as is known, a 
specific form of bacillus. The bacilli are found in the neoplasms 
of the skin, of the mucous membrane of the mouth, of the 
pharynx and the larynx; in the interstitial deposits in the 
peripheral nerves and in those of the cornea, cartilage, and 
testicle ; also in the lymphatic glands, spleen, and liver. So far 
as we yet know they are not present in the spinal cord or in the 
muscles, and are not concerned in the bullous skin eruptions and 
the affections of the bones and joints, processes which cannot 
be considered as primary, but as secondary, and depending on 
nerve lesions. 

The bacilli in the skin are present in the circumscribed nodular 
formations as well as in the more diffuse infiltrations, which are 
found, for example, somewhat evenly enveloping the whole of 
the face. 

The material examined was taken partly from the dead body, 
and was partly excised from patients and hardened in absolute 
alcohol. 

The bacilli are found almost entirely in the interior of tho 
large round cells described by Virchow as lepra cells. "These 
cells, which often are five times larger than ἃ pus corpuscle, 

* The first notice of the bacillus of leprosy is contained in a report made to the 
Medical Society of Christiania in 1874, by Armauer Hansen. A paper by Hansen on 


the subject will be found in the Quarterly Journal of Microscopical Science, New 
Series, vol. xx., 1880. 
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and even with wesk magnifying powers the Presence of beelili can 
be ascertained. 

The micro-organisms which are made visible by these methods 
are extremely faint slender rods, sometimes pointed at both ends, 
of from αὶ to ὃ the length of « human red blood corpusele. The 
breadth is about 3, or less, of the length They are either 
straight or slightly bent, and are very similar to the small bacilli 
which Koch has described in septicwmia of the mouse, although 
they are not quite so ‘delicate as the latter.* 

- That the bacilli and spores are the cause of leprous growths is 
shown by the absolute constancy with which the bacilli are found, 
and by the immense number of organisms which are nearly 
" always present—s fact which has been observed in material 
obtained from Norway, Spain, Guiana, East Indies, Roumania, 
Brasil, and Palestine.t 

It can also be proved that with the presence of .the bacillus 
lepre the typical processes of development from a migratory cell 
to the form of & connective tissue cell lead to the result which 
Virchow described as a lepra cell. If this is found to be stained, 
then we can say the specific form and qualities of the lepra cell 
are etiologically caused by the specific bacillus. 

[Neisser sums up his paper by the following propositions :—] 

1. Leprosy is a purely bacterial disease, produced by a 
specific bacillus. For this hypothesis there testifies the con- 
stancy of the characteristic condition: the peculiarities of the 
bacilli; their existence in all the diseased organs in masses 
which are proportioned to the progress of the disease. Further, 
it has been proved that the specific properties of lepra cells due 
to the invasion of bacilli can be experimentally produced. 

2. These bacilli are introduced into the organism either as 
such, or more probably as spores, and remain during a period 
of incubation of varying duration. They are deposited probably 
in the lymphatic glands. The incubation and course of the 
disease appear to be more rapid in tropical countries than in 
those parts of Europe which are affected with leprosy. 

9. From the parts of tne body in which the spores have been 


* On this point compare Mr. Thurston’s careful drawings in Plates 12 and 18, vol. 
xvi. of the Medico-Chirurgical Transactions. 

+ Also in leprous tissue sent to England from China and Australis.—G. T. 

1 There is no confirmation of this statement.—G. T. 
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deposited invasion of the system takes place, and chiefly (a) In 
the skin, as in variola, syphilis, &c. Those parts of the body 
which are otherwise specially exposed to injuries are affected by 
predilection— the face, the hands, the elbows, the knees. (b) In 
the peripheral nerves (anesthetic leprosy). The effects in the 
muscles, as well as the other disturbances of nutrition, corres- 
pond to symptoms which are well known as accompanying other 
diseases of the peripheral nerves. (c) The other organs, testicle, 
spleen, cornea, cartilage, liver, were less affected. 

4. Through the bacilli or their spores inflammatory processes 
are set up in vascular organs, or, where there are no blood-vessels, 
by cell emigration. These lymph cells thus form materials for 
the leprous neoplasm. Through the specific effects of the bacilli 
the emigration cells become lepra cells characterized by their 
special form, course, and process of decay. 

5. From these propositions it will be seen that we regard 
leprosy as being probably an infective disease, and that its 
products are specifically contagious. These products are cells 
from the tubercles, and serum and pus containing spores which 
are capable of development. But all pus that comes from a 
leper is not infective, because it does not always contain bacilli. 
For the same reason the contents of the pemphigous bulle of 
leprosy are not infective. The disease can only thus be con- 
sidered contagious indirectly if the bacilli or spores are conveyed 
by various objects. In leprosy, more than in any other bacterial 
diseases, the susceptibility of the individual appears to be of 
importance. 

I do not consider leprosy to be an hereditary disease. 
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IL—NOTE ON THE SITE OF THE PARASITE IN 
LEPROSY. 


Br MM. V. CORNIL ET SUCHARD. 
(Annales de dermatologis et de syphiligraphie, 2nd series, vol. ii.) 


———— 


Acoorpixa to Hansen’s observations — confirmed by several 
Norwegian observers, MM. Heiberg, Bidenap, and Winge, and 
by a German observer, M. Neisser—there is no longer any room 
for doubting that leprosy, or elephantiasis of the Greeks, ranks 
among parasitic diseases. 

We have been able to examine tubercular leprosy in pre- 
parations, of which some obtained from the Leper Asylum of 
Grenada were kindly placed at our disposal by Dr. Bernito 
Hernando, and others were obtained from a patient of Dr. 
Labbé, Physician to the Municipal Hospital. 

The leprous tubercles of the skin are formed by the infiltration 
of the ‘‘ corpus papillare’’ and the cutaneous derma by great 
numbers of large globular, spheroid, or slightly flattened cells, 
which are situated between the fibres of the connective tissue. 

At the centre of the tubercle the papillw are no longer distinct, 
and the glands and hair follicles are shrivelled and destroyed. 

The layers of the epidermis at this level are so thinned that 
the surface of the non-ulcerated tubercles is smooth. It is easy 
to convince oneself of the correctness of these details by 
examining under the microscope sections of leprous tubercles 
coloured with picro-carmine. 

In fig. 24, Plate VII., which is drawn under a magnifying power 
of 100 diameters and represents the projecting part of a tubercle, 
the layers of the epidermis from a to d are thin, and the projec- 
tions of the papill; do not exist at f, at the surface of the derma. 
The latter is, throughout its whole extent, infiltrated with cells, 
€ €, which are nothing else but migratory cells interposed among 
the fibrille. These cells are less numerous in the superficial 
layer of the derma than deeper down. In these sections of the 
derma nothing but blood-vessels are to be seen, v. 
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rendered the preparations less clear than in specimens obtained 
during life.* 

We have also found bacteria in organs obtained at post- 
mortem examinations, notably so in a liver which presented all 
the lesions of hypertrophic cirrhosis with the considerable fibrous 
thickening and the increase in number of the biliary radicles 
which characterize this disease. 

The favourite seat of the parasitic bacilli in this liver was the 
cells of recent formation, situated in the interlobular connective 
tissue, but some were also to be found in ἃ few hepatic cells. 
Thus in fig. 29, Plate VII., which represents a section of liver, 
hepatic cells are seen at c c, containing rods. The round cell b 
is without doubt a lymphatic cell, as is also the isolated cell 
represented at A. 

The nerves (median nerve) which we have examined showed 
a condition of sclerosis with a fibrous thickening and atrophy of 
the nerve elements. 

In summarizing what we before remarked concerning the 
cutaneous tubercle of leprosy, we see that these tubercles, formed 
by a solid, dense, dermic tissue, are made up of cells filled with 
bacteria, and interposed amongst the fibres of the connective 
tissue ; that the layers of the epidermis are free from parasites, 
but are thinned. So long as it is preserved, this layer of the 
epidermis opposes the diffusion of the parasite outwards, and 
constitutes a barrier to its progress. It renders contagion very 
difficult. The seat of the parasiteis deep. The usual case with 
the highly contagious parasitic affections of the skin is quite 
contrary to this, such as in that of eruptive fevers, for example, 
small-pox and erysipelas. 


* By the fuchsine and nitric acid method I have obtained excellent preparations 
from organs obtained post-mortem, and preserved for years in alcohol,.—G. T. 
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THE MICROCOCCI OF PNEUMONIA.* 


(Fortschritte der Medicin., vol. i., No. 22, Nov. 15, 1883.) 
—9—— - 
INTRODUCTION. 


THE first observations on the micrococci of pneumonia are 
those of Klebs,t of which it is not easy to estimate the value. 
Eberth] found in a case of pneumonia, complicated with purulent 
meningitis, ellipsoid cocci, mostly in pairs, in the lung infiltra- 
tion, in the inflamed pleura and in the pia mater. Further, 
Koch§ has demonstrated the presence of, and photographed, 
micrococci in the alveolar exudation, in the pulmonary capillaries 
and in the capillaries of the kidney in a case of acute pneumonia 
after recurrent fever. 

Soon afterwards we succeeded,|| by positive investigations, 
which were undertaken in eight consecutive cases of acute 
pneumonis, in furnishing a proof that the appearance of 
micrococci in the alveolar exudation is a constant factor, that 
they are found in recent cases in enormous quantities and that 
they are further found in very large numbers in the lymphatics 
of the affected parts of the lungs. 

These facts we were able to confirm by the examination of a 
large number of other cases. In all, more than fifty positive 
cases came under our observation; only in a few cases were 
the micrococci missed, and these should not be taken into con- 
sideration, as the cases were in a late stage of the disease, as a 

* These investigations were mostly carried on along with Dr. Frobenius, Assistant 
at the Pathological Institute in Munich; Dr. Frobenius has taken a very important 
part in them. 

Originally we intended to publish them in our joint names; as, however, Dr. Fro- 
benius, on account of his departure from Berlin, was not able to take part in the 
experiments after the middle of October nor in the conclusion of the work, he 
expressed the wish that his name should not appear on the title page of this pub- 
lication. 

t Arch. f. exper. Pathol., Bd. IV. 

1 Dtech. Arch. f.:klin. Med., Ba, 28. 


ὃ Mittheil. ads d, kais. Gesundheitsamt, Berlin, 1881, 
|| C. Friedlander. Virch. Arch., Bd. 87. 
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contour of the capsules entirely disappears, one sees nothing 
except the micrococci which are contained within them! the 
same result is obtained when one allows a strongly diluted 


. solution of potash to operate. The behaviour is different under 


the influence of acetic and mineral acids of various strengths. 
With these the external contour of the capsule persists, but the 
boundaries of the central microcooci are lost; the microcoocus 
plus the capsule presents itself as a nearly uniform, round, ot 
ellipsoid structure. If one stains the dried preparations after 
previous treatment with distilled water or weak alkali, no trace 
of the capsule can be demonstrated; one sees the micrococci 
perfectly naked. In the preparations treated with acid a distinct 
staining of both the micrococci and the capsule can, on the 
contrary, be very easily obtained. Alcohol, ether, and chloro- 
form have no apparent influence on the capsules. 

From these reactions one was able to prove that the capsules 
of the pneumococcus are composed cssentially of mucin, or an 
allied substance. They are soluble in water and weak alkali, 
insoluble in acids. The staining reactions with aniline dyes 
are in unison with this interpretation. 

As to the results of different staining re-agents, we may cite 
the following :— 

If one treats a large number of identical cover-glass preparations 
with different aniline dyes, one at once learns that with con- 

* We may remark here that we have never been able to discover a trace of motion 
in the micrococci. The investigations were carried out on drops of fluid dependiig 
from the lower surface of the cover-glasa. The cover-glass was placed on a hollow 


ground slide, and its edges sealed by fluid vaseline, so that all evaporation was p 
vented. 
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centrated solutions of methylene blue and bismarck brown the 
micrococcus and its capsule are uniformly stained. By the use 
of dilute solutions of the same dyes for ἃ longer time one can 
produce ἃ differentiation, though slight, between the micrococcus 
and its capsule by the deeper staining of the former. By this 
method one also finds that the margin of the capsule is generally 
not circular or elliptical, but slightly serrated. As we have 
mentioned, one obtains very distinct staining of the capsule by 
treatment with gentian violet or fuchsin for a short time, but the 
picture is often confused, because the ground substance is also 
deeply stained. If one subsequently treats the stained cover- 
glasses with alcohol, it frequently happens that the stain is 
completely removed from the capsule, while the ground substance 
{coagulated albumen of the fluid) retains a faint colour. The 
still intensely stained micrococci then appear surrounded by a 
colourless space,* which corresponds to the capsule. 

In this form Dr. Gunther first saw and figured them. If one 
uses the gentian violet or fuchsin, not as a watery solution, but 
dissolved in aniline water, one obtains in a very short time a 
staining of the capsule, which resists subsequent treatment with 
alcohol for a long time. We consequently recommend staining 
with gentian violet dissolved in aniline water as the most con- 
venient and quickest method of demonstrating the capsule; the 
cover-glass is afterwards placed for half a minute in alcohol in 
which the colour of the yround substance is quickly, while that 
of the micrococci and the capsules is much more slowly, abstracted. 
The preparation is then treated with distilled water, and can be 
examined directly in water, or mounted in Canada balsam or 
dammar. The capsule can also be stained with eosin. We re- 
commend that a weak eosin solution should be allowed to act for 
24 hours. The contour of the capsule is also sharply brought 
out by osmic acid; there is, however, no blackening. 

A like structure—a capsule formation—has hitherto been 
described in hardly any of the schizomycetes.t One certainly 
speaks of a gelatinous ground substance between micrococci 


* It is to be noted that not every clear space around micrococci, in dried prepara- 
tions, is to be put down to a capsule. 

t Asis known, broad mucous envelopes occur in various Alge (Beggiatoa, Oscil- 
laria, &c.). By the kindness of Dr. Frobenius my attention was directed to a passage 
in Zopf's Morphologie der Spaltpflanzen, 1882; on Plate V., figs. 11 and 12 in that 
work cocci with a gelatinous membrane are figured. 

20 
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II.——CULTIVATION OF THE PNEUMOCOCCUS. 


Our problem was now to cultivate the pneumococcus outside 
the body. Its growth must, under favourable conditions, be 
eminently rapid, as a colossal development of the micrococci is 
found in pneumonic lungs in the course of & very few days. 
We employed, of course, in our cultivation experiments Koch's 
nicthod of cultivating on a solid nutrient soil, by the introduc- 
tion of which a great deal of the difficulty has been removed 
which up to that time stood in the way of the application of 
pure cultivation. The method has its control in itself, errors 
which are at any time committed being at once detected ; we 
find ourselves by its application on sure ground. 

We tried first to cultivate the micrococci from pneumonic lungs 
on coagulated blood serum which was prepared by Koch's well- 
known process. Very small portions of several pneumonic lungs,* 
which contained large quantities of micrococci with capsules, 
were placed on the surface of or pushed into the blood serum by 
means of a platinum wire sterilized by heat. 

The test-tubes containing the blood serum, of which the 
mouths were plugged with sterilized cotton wool, were placed ir 
an incubator which was kept at the temperature of the body. 
A erowth of mieroeocel always developed in a short time on the 
upper surface of the serum in the form of faint grey spots, and ef 
an opaque eylinder in the interior of the serum along the needle 
track. 

Isv microscopical examination round and elliptical micrococei 
of the size of the pneumococeus were found. 

These experiments, which were made in the early months of 
1883, had to be broken off, and were continued in September of 
the same vear. 

Dr. Frobenius had the good fortune to work in the laboratory 


* In taking the material from the ling we had to see—1, that the lungs wer 
quite fresh, Le. free from putrefaction : and 2. that external impurities were excluded. 
The latter point was attended to by following Koch's directions, A broad piece οἱ ἴδε 
pleural siirface or of the eut surface of the lung was cut off with a beated knife. Froa 
this cut -urface fresh sections were made with a heated knife in ditferent directions 
tilt one had wot a part which was quite free from external impurities, Thoee parts of 
the lung were eapecially employed where the bronchi were completely blocked by 
fibrinous cluts, so that the fluid bronchial contente, which always contain variow 
nicro-organisuis, Were avoided as much as possible. 
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III. —EFFECTS OF THE PNEUMOCOCCUS ON ANIMALS. 


A.— INJECTION EXPERIMENTS. 


By means of a platinum needle sterilized by heat one can 
easily pick out the heads from gelatine cultivations contained in 
test-tubes, after removal of the cotton wool plug. If we put these 
into a vessel which has been sterilized by heat, and is filled with 
sterilized distilled water, the cultivation is distributed through 
the water in ἃ short time; we obtain & uniform, very slightly 
milky, turbid fluid. This fluid is introduced into a Pravaz 
syringe, made according to Koch's suggestion, without any 
caoutchouc connections, which has also been sterilized in a hot 
box, and then (after previously cutting the hair and disin- 
fecting the skin with 1 per cent. solution of corrosive sublimate) 
injected into the right lung of the animal through the chest 
wall. We used rabbits, guinea-pigs, mice, and dogs. 


1. Rabbits. 


Nine rubbits were injected with about 1 to 1 ccm. of fluid. 
In not a single case was there the slightest disturbance of 
health ; respiration and temperature remained perfectly normal, 
and the animals went about as if they were quite well. Six of 
these rabbits were killed on the second to the fourth day after 
injection (the other three were allowed to live). In four cases 
ihe lungs were quite unaltered, and even the point of puncture, 
which was seen on the costal pleura as a red point, was not 
visible on the lung. Once we found a blood infiltration the 
size of ἃ pea, at another time one the size of ἃ bean, in the 
right upper lobe, corresponding to the point of puncture. In 
both these cases several drops of reddish fluid were present in 
the right pleural cavity, but in the other cases it was quite free 
or contained several drops of yellowish fluid in which on micro- 
scopical examination a few lymphoid cells, but not a single 
micrococcus, were found. 

Also by inoculation in jelly the fluid proved to be perfectly 
sterile (the pleural cavity was naturally opened with heated instru- 
ments under antiseptic precautions). 


812 THE MICROCOCCI OF PNEUMONIA. 


Rabbits are then perfectly refractory to our cultivations, and 
the organisms, which are introduced, die in a short time. 


2. Mice. 


In contrast to these results on rabbits, all the mice into 
which living cultivations were injected (82 in number) died in 
from 18 to 24 hours as the result of the injection; only one 
mouse lived as long as 40 hours. 

All these animals showed, even a few hours after injection, dis- 
tinct dyspnoea, and they sank with increasing weakness, laboured 
respiration, and lowering of the body temperature to 30° C. and 
lower. 

In not a single one of these cases did we fail; the result was 
always identical. 

On post-mortem examination one finds a perfectly typical 
picture ; in both pleural cavities a relatively large mass of red, 
slimy, turbid fluid; both lungs of a deep red colour, almost 
entirely airless, and scattered through them ill-defined foci of red 
infiltration. The spleen is swollen to nearly three times its 
natural size, dark red ; the other organs unchanged. 

On microscopical examination one finds that an extraordinary 
quantity of microcoeci are present in the slimy contents of the 
pleural cavitics. 

The micrococci lie partly free in the fluid, partly in the interior 
of lymphoid cells. They have all the characters of the pneu- 
mococcus, and show a well-marked capsule formation. We also 
found numbers of micrococci with capsules in the lungs, espe- 
cially in the red infiltration, and also in the spleen and blood. 

One can, in the blood of the living mouse, demonstrate the 
existence of abundant capsule-bearing micrococci, often in the 
proportion of several micrococci to every 100 red corpuscles; on 
these facts we would lay special stress as they show that, con- 
trary to the usual doctrine, one is not dealing with a purely local 
growth of micro-organisms, but with a general invasion of the 
system. 

As it might be assumed « priori that the injection of the 
fluid into the lungs might lead to the production of a grave 
inflammation, to which the growth of micrococci was only 
secondary, we made control experiments by the injection of 
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4 guinca-pigs. 

a. This animal is already very weak, 24 hours after injection, and has urgent 
dyspnoea; killed 27 hours after injection. Double pleurisy and pericarditis ; 
about 5 ccm. of turbid, flocculent, purulent fluid on each side, containing 
micrococci with capsules; the fluid gave nail-growth cultivations. Masses of red 
and greyish-red infiltration in the lungs, which are almost airless. 

b. Killed in death agony 48 hours after injection. 

Result of autopsy.—Double pleurisy, slimy purulent exudation containing 
micrococci with capsules. Typical nail-growth when cultivated in jelly. 
Scattered masses of grey infiltration, the size of a bean, in both lungs. 

c. d. Remained well. 


2 rabbits, both absolutcly unaffected by injection. 
a, Killed 17th Sept. Quite healthy. 
b. Continued well. 


D mice. ΑἹ] dead 20 to 25 hours after injection. 

Red and greyish-red infiltration in the lungs. Greyish-red greasy fluid in the 
pleural cavities, with abundanceof micrococci with capsules, from which typical 
nail-growths were cultivated. Swelling of spleen. 


4. Dogs. 


Five dogs (all full-grown animals, weighing 10 to 15 kilogr.) 
were treated with injection of fluid, with cultivations of the micro- 
cocci floating in it, into the right thoracic cavity. One of these 
animals became very ill with dyspnea after injection, and sank 
within forty hours. At the autopsy a typical red and greyish- 
red infiltration of the whole of the right upper lobe was found 
with a thin layer of lymph on the pleura; a very few drops of 
fluid in the right pleural cavity. Swelling of the spleen. In 
the red and grey hepatisation great abundance of micrococci 
with capsules was found. In the contents of the right pleural 
cavity and in the blood micrococci with capsules were also found, 
but in small numbers. The pneumonia of this animal forcibly 
reminded one, in its clinical course as well as in its anatomical 
characters, of the typical lobar pneumonia of man. The culti- 
vations which were made from the red and grey hepatization, 
from the blood and the contents of the right pleural cavity, were 
again typical nail-growths which produced the characteristic 
effects when injected into mice. 

The four other dogs, on the contrary, showed, after injection, 
in part only a transient illness, with slight rise of temperature 
(to 40°5° C., which is, as is known, very slight for dogs), in part 
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even this was absent; in every case the normal condition was 
restored on the day, or at latest on the second day, after injec- 
tion. At the end of several days or a week all these animals 
were treated with a second injection, applied nearly at the same 
spot. In this case, too, a transient illness at most with speedy 
and complete recovery, was produced. A positive result was 
obtained by simultaneous injection of mice with the same fluid. 


EXAMPLE OF EXPERIMENTS. 


22nd Oct. 1883, 2 o'clock (with the kind assistance of Drs. Gram, 
(Copenhagen) and Brosin (Halle).) Material—cultivation of croupous pneumonia 
of Sept. 7. 4th generation. Head of nail cultivation, about 2 ctm. big, dis- 
tributed through 3 cem. of distilled water. 


1. Mouse—one drop in right thoracic cavity. 

The mouse sank on the 23rd Oct. at mid-day, with the usual appearances. 
In the blood of the tail before death abundance of micrococci with capsules; 
copious tough, slimy contents in both pleural cavities; lungs much compressed, 
airless, red, also dark red areas therein. In the pleural exudation, and in the 
lunge, abundance of micrococci with capsules. Swelling of spleen. 

2. Black dog (Zeckel) about 0:8 cem. in the right side of chest. 

22nd Oct., 7.30 A.M. Appears languid; slight dyspneea ; T. 30-8? C. 

23rd Oct., 11 A.M., T. 39.59. 2 p.M., T. 40:59. 7.30 P. M.. T. 395: quiet breathing: 
from that time it was quite lively. A second. injection on the 24th Oct. of. the 
same generation in the right side of chest. No result followed. 


3. Dow (ἡ) enpinsche r) (A3 em. long) nearly 1 eem, in right side of chest. 

22nd Oct., 7.30 PM. Languid, slight dyspnoea: T. 405? C. 

23rd Oct, LL A.M. Great languor: dysprnaa; Ro 80. T. 4089, Coarse breathine 
on both sides of ehest. . 

ΡΜ. Dyspucea. frequent couch, and pain indicated in the side by raising 
wf the fore paw : T. 419. 

| PM. 1. 3:04. The animal is very weak. cannot support itself on its les; 
eoarse breathing marked over lower part of right lune; on left side bronchial 
breathing, 

Miduizht, Extremely weak, 

2ith Oct. ὁ A.M. Pound dead and stuf. 

Autopsy. Nothing special at seat of injection ; no fluid in abdominal cavity. 
Spleen enlarged. 10 etim. lone. dark red: other abdominal organs unaffected. 

Left pleural cavity and pericardium without change. 

In the right pleural cavity only a few drops of a red, slightly turbid uid 
(with considerable numbers of mierococci with capsules), 

The right lune shows à considerable increase in bulk in the lower lobes only, 
Whereas the upper and middle lobes are nearly unaltered. The richt lower 
lebe has in idteelt a vreater buik than the rest of the right lung and the left 
luny together. 

Left lower lube 42 un. bread. | Right lower lobe 75 mm. broad, 
0) .. hive. ^ vO 
1Ζ . thick. - 35 ., thick. 
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The pleural membrane covered with a thin fibrinous coagulum. The consistence 
is universally firm. The lower lobe is quite airless, and for the most part grey 
or greyish-red. only in its lower part is there a small area of red infiltration, 
which is of softer consistence, and depressed a little below the level of the 
greyish-red mass. The cut surface is smooth, mostly greyish-red. except at the 
small red foci, which occupy about a fifth of the lobe. Turbid secretion in the 


bronchi. 
The left lung, and remainder of the right lung, are faintly pigmented, only 
slightly cedematous, with small diffused areas of reddening; bronchial:secretion 


red. 
The exudation in the alveoli shows, in the red infiltration, abundance of 


lymphoid cells, red blood corpuscles, only small masses of fibrin, and abundance 
of micrococci with capsules. Inthe greyish-red infiltration, besides lymphoid cells, 
large collections of micrococci with capsules, and a little fibrin, are present. 
The sections made from preparations hardened in alcohol swell up in distilled 
water and become slimy, the slime consisting, in every case, in great measure of 
the capsules of the micrococci. 

Typical nail-growths were obtained from the greyish-red and red hepatization, 
as well a3 from the contents of the right pleural cavity, and lastly from the 
blood (frum the inferior vena cava). 


B.—INHALATION EXPERIMENTS. 


Though it was demonstrated by the above-mentioned control 
experiments with the heated organisms that one can propagate 
the disease only by introducing the living organism, still the 
objection was possible that besides the introduction of the 
organism, ἃ slight wound of the lung, such as is undoubtedly 
made during the injection, is necessary. 

As, however, a traumatic origin can only quite exceptionally 
be pointed out for human pneumonia (contusion pneumonia) we 
tried to introduce the fungus elements into animals by inhalation. 

Threo elaborate inhalation experiments in all were performed, 
the cultivations being suspended in distilled water in the manner 
already described. We usually took a large quantity of dis- 
tilled water (10 to 50 ccm.) and ἃ correspondingly large mass 
of cultivation— several large heads about the size of several 
ctm.; the water was only rendered slightly turbid by them. 
The fluid, with the cultivation floating in it, was scattered by a 
hand-spray. So as not to place ourselves in danger we inserted 
a long caoutchouc tube between the hand bellows and the spray. 
The spray was then directed towards the opening of a cage in 
which the animals were. The quantity of fluid was scattered in 
10 to 20 minutes. The experiments were made in the open air. 
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On account of the special importance of these experiments 
we will describe them individually.* 


EXPERIMENT I. 


a. Sept. 9. Material—cultivation of human pneumonia of Sept. 7. First 
generation. Two mice inhaled for 5 minutes. 

b. Sept. 16. The animals lively; inhalation repeated. Material from the 
same case, for about 4 hour. One mouse could not be found on the following 
day. The other was found dead on Sept. 19. 

Autopsy (Frobenius).—Both pleural cavities full of greyish, slimy exudation. 
Lungs quite compressed, almost unrecognizable, dark red and grey-coloured 
throughout. In the pleural exudation on both sides large numbers of micrococci 
with capsules. Jelly inoculated with them gave typical nail-growths, which 
were bred through several generations, then used for injection and producel 
positive results in the manner we have indicated. 


EXPERIMENT II. 


Oct. 2. Material—cultivation from the mouse which died after inhalation 
on Sept. 19. 

4 mice. 

One of the mice killed on Oct. 5, quite healthy. Another was collapsed on 
Oct. 6, and sank at 11 o'clock. 

Autopsy.—On both sides several drops of sticky. greyish-yellow fluid in the 
pleural cavity; several foci of red infiltration in both lungs occupying in all 
about a third of the lung parenchyma. Spleen swollen to more than three 
times its normal size, dark red, abundance of mieroeoeci with capsules in the 
blood. pleural exudation, Innes and spleen. Inoculation of jelly with the 
spienic juice and pleural fluid gave typical nail-growths, 

The other two mice remained well. 


EXPERIMENT III. 


Oct. ἃ, Material—eronpous pneumonia of Sept. 7. ith generation, 

6 mice. On Oct. 11 two of the animals were suffering trom dyspnoea and 
weakness; both were found dead on the following day. 

Autopsy.—Mouse AJ Thick slimy fluid in both pleural eavities, more in the 
right than the left; also στὸν turbid fluid. in. the pericardial sae; peritoneal 
cavity normal: spleen much swollen. dark τὰ], Diffused redness in both lunes, 
the right lower lobe is. moreover, entirely converted into a dense grey mass ; 
typical lobar, rey hepatization. Trachea empty. 

Mouse D, Similar to the above. only that the lower half of the left lower 
lobe is in a state of dense στὸν hepatization, which is sharply detined from the 
upper half of the same lobe. 

In both animals abundanee of mierococei with capsules in the pleural exuda- 








* In these experiments -everal guinea-pigs also inhaled the spray, but without 
definite positive results. One of them died, after inhalation, with double pleural 
effusion, in which uo micru-crganisms could be found, and the fluid also remained 
sterile in jelly. 
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tion, spleen and blood. Typical nail-growth from inoculation of jelly with the 
pleural fluid. 

The grey hepatized parts of the lung are full of micrococci with capsules, just 
as in early cases in man, but no fibrin. 


These experiments are very convincing; that not all the 
animals, but only some individuals, became ill in every case pro- 
bably depends on the fact that many of the animals had their 
backs turned towards the spray, so that only a very little or none 
of the fluid reached their lungs. 


IV.—DIFFERENCES OF THE PNEUMOCOCCI IN DIFFERENT SPECIES 
OF ANIMALS. 


We found already in human pneumonia substantial differences 
in the size of the individual micrococci as well as in that of the 
capsules. It has been already mentioned that the shape also 
varies. In mice the micrococci are generally considerably larger 
than the average human pneumococcus. Many of the micro- 
cocci in mice are far larger than those of man, attaining to 
twice or even three times their dimensions. The micrococci of 
guinea-pigs are usually smaller than those of mice, but are 
surrounded by an unusually broad capsule, which may some- 
times reach the diameter of a red blood corpuscle; the size 
of the capsules varies between wide limits. In dogs the micro- 
cocci are, as a rule, hardly any larger than those of man; the 
capsules are relatively narrow, very little broader than the 
micrococcus itself. It must be noted, in relation to this ques- 
tion of relative size, that it depends to a great extent on the 
method of staining, and more especially on the means adopted 
for their decolorisation. When the specimen is fully decolorised 
by alcohol, especially with the assistance of weak acetic acid, the 
micrococci are appreciably smaller; they may by these means 
lose more than a third of their diameter. It is necessary then 
for the sake of comparison to deal with preparations treated in 
an absolutely identical manner. 

The differences in dimensions can also be made out in un- 
stained preparations, but with much less distinctness. It is to 
be noted besides that the micrococci of guinea-pigs very fre- 
quently have an irregular instead of a perfectly round or elliptical 
contour; the micrococci of dogs and mice, on the contrary, 
always have a sharp margin. 





1 aftr ob rma tat μαναὰ boli ofer 
lengths, usually of the size of a diplococeus, but many of larger 
Med are foni mih cure Rorcnas M6 ML AERE 
animals than in man. They are always surrounded by a charac- 
teristio capsule. Similar structures are in fact, as we have 
imenticoed, aly vosiioialy Seana Ok ou Daan 
are of frequent occurrence in animals, sometimes in the pro- 
portion of one to every ten spherical or elliptical microeoeci. 
An indication is sometimes given that they are composed of 
individual mierooocei, but the margins of the rods are usually 
bounded by sharp lines. 

As we have not yet suficiently carried’ out the direct obesrm- 
tion of the process of vegetation of the microcooci, we must eon- 
fine ourselves to the citation of this fact. We had to give wp 
the suspicion which we cherished at first, that we had to do 


. with impure cultivations, as we have seen the same appearance 


under the most varying combinations. 

Is must still further be added that s perfectly clear border is 
usually found around the micrococci of guinea-pigs, outside 
which is the stained capsule. A similar picture can also be 
made out in mice and dogs, but only when the excess of colour 
has been removed by alcohol. Before this is done the capsule 
in mice and dogs is frequently so intensely stained, that it is 
scarcely possible to differentiate it from the micrococcus which 
lies inside it. The alcohol removes the greater part of the stain 
from the capsules, only the periphery remains as an intensely 
stained more or less broad border. It has often happened to 
us that in spreading out the slimy exudation of mice on the 
cover-glass, which we do with a platinum needle, in many 
places the micrococci have been torn out of the capsules, so 
that the micrococcus lies near the empty capsule, which shows & 
clear space in the middle. 

The outer border of the capsule is usually very sharp in mice 
and dogs, but quite delicate, on the contrary, in guinea-pigs. The 
capsules have also a tolerably sharp contour in man. 
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CONCLUSION. 


Experiments have already been communicated formerly in 
which pneumonias were produced by injection of cultivations 
of micro-organisms, chiefly by Klebs, and in later times by 
Salvioli and Züslein.* We will not enter on a closer analysis 
of the experiments of Klebs. We will only remark that the 
material with which this investigator worked was not always 
quite free from objection. Klebs used bronchial contents ; 
Salvioli and Zislein, on the other hand, used blood, or the fluid 
from blisters raised on the skin of persons suffering from 
pneumonia; they cultivated in different fluids, not on solid 
nutrient media. All these observers stated that they had 
obtained positive results in rabbits. We must draw the con- 
clusion therefrom that if in their experiments pneumonia was 
caused by micro-organisms, it could not have been the same 
organism with which we have worked. Ours produced no effect 
upon rabbits. 

The view that pneumonia is an infective disease has been 
advanced for a considerable time by investigators. Jurgensen 
more especially has advocated this hypothesis. During the last 
few years it has apparently been more and more accepted by our 
clinical physicians. The former demonstration of the regular 
occurrence of micro-organisms in this disease strengthened this 
view. In the present work we have, we believe, made a further 
advance. 

The communications with regard to epidemic pneumonia have 
become more numerous in the last few years. In large towns, 
indeed, one has rarely the opportunity of making observations 
of this kind. Nevertheless in the country and small towns this 
fact has apparently been more frequently noticed than is generally 
believed. It is very desirable that observations of this kind 
should no longer remain unpublished. Those localities in which 
one or only a few medical men have the whole population under 
their care are particularly favourable for such observations. 


* Jtalia Medica, No. 89. Centralbl. f. d. med. Wissensch., v., Oct. 13. 
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animals micrococci, with capsules, were demonstrated. The 
pathological products were used for further inoculation, and we 
obtained from them the characteristic cultivations, so that we 
think that we have established the fact that in certain cases of 
pneumonia, or probably at a definite stage of the disease, the 
pnheumococcus is present in a living state in the blood. It is 
not to be wondered at that the micrococcus was absent in the 
blood in ἃ large number of cases. 

It was pointed out in my first communication that it is not 
possible to demonstrate, in every case of pneumonia, the existence 
of the pneumococcus described by us, and after abundant experi- 
ence I can only repeat this statement. One always finds, indeed, 
by microscopical examination, abundance of micrococci (irrespec- 
tive of the very old cases); in cultivation experiments, however, 
the results are often quite negative, or one obtains growths of 
other kinds of micrococci, which behave quite differently from the 
pneumococci, as regards both their mode of growth on meat jelly 
and their action on animals.* This may depend on very different 
circumstances. Either there are several forms of pneumonia, 
only one of which is dependent on the micro-organism, which we 
have described, or the micro-organisms may have been present, 
but at the time of examination have disappeared or be no longer 
alive. Further investigations must decide these points. I 
consider it extremely probable that there are different exciters of 
pneumonia, just as we now know a number of different micro- 
organisms which cause suppuration. lam inclined to the view 
of those clinical workers who do not regard the unity of pneu- 
monia as satisfactorily proved ; however, this is only an opinion, 
definite facts on this point have not yet been made out. t 

* Bee Talamon, Prog. Med., 1883, p. 1080; Afanassiew, Comptes Rendus de la soc. 
de biologie; A. Frünkel, Verh. d. congr. f. innere Med., 1884, p. 77. 

+ A paper of rome importance with regard to pneumonia is published by Dr. R. 
Emmerich in the Fortschritte der Medecin, vol. ii., No. 5, 1884, p.153, “On Pneumococci 


in the Soil under the Floor of a Hospital Ward as a Cause of an Epidemic of Pnen- 
monia," —E. T. 
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ceded these latter, they penetrated deeper into the tissues, and 
appeared as if they had opened a way for the other bacilli. 

Now as to the contents of the intestino. At first the cases 
examinod were scarcely suitable and afforded no clear picture, for 
the contents of the intestine had already a decomposed bloody 
character. In these cases were innumerable quantities of the 
most different kinds of bacilli, so that the attention could not be 
fixed on the special cholera bacillus. It was only after I had 
performed autopsies on a few acute and uncomplicated cases, in 
which hemorrhage had not yet occurred, and in which the in- 
testinal contents had not yet become decomposed, that I recog- 
nized that the purer and fresher the cases were, the more a 
definite kind of bacteria provailed 
in the intestinal contents; and it 
very soon became evident that 
these were the same bacteria 
whieh I had previously seen in 
the mucous membrane. (See fig. 6—--- 
5.) This discovery, it stands to 
reason, drew more and more the 
attention to this species of bac- 
teria. I have examined them 
from every point of view to deter- 
mine their special peculiarities, 
and can communicate the follow- 
ing about them. 

These bacteria, which, on ac- 
count of their peculiar form, I 
have named comma bacilli, are P 
smaller than the tubercle bacillus. v... glen preparation from the con- 
As a precise idea of the size, tents of 4 Shales, intentos ῳ 
length, and brendth of bacteria  smieheular coma Weal (G dà 
can scarcely be got from a state-  charscterisis grouping of the comma 
ment of the dimensions in num- 
bers, I prefer to compare the dimensions of bacteria with some 
well-known object, so that a fairly accurate idea can be obtained. 
As the tubercle bacilli are known to all, I shall compare the 
cholera bacteria with them. The cholera bacilli are about half, 
or at the most two-thirds as long as the tubercle bacilli, but 
they are plumper, thicker, and furnished with a slight curve. 








with each other after division, epum o 
if there was more marked curvature. In the cultivations there 
is found a very noteworthy form of develupment of the cogigma 
bacilli, which is very characteristic. In one of the 
which have been laid before you, 
there are several well-marked 
examples of this form, and I took 
the opportunity, in the demon- 
stration of these preparations, to 
draw particular attention to them. 
The comma bacilli frequently form 
threads of greater or less length. 
These threads are.not straight, 
as are those of other bacilli, for 
example the anthrax bacilli, nor 
simple undulating threads, as 
. might be thought from the micro- 
Coxer-glass ration of | cholera scopical characters, but are long, 
Geet caltiitaton'of the comes delicate spirals, which in their 
bacilli with 8 shaped forms (4) X Jength and other appearances have 
the greatest resemblance to the 
spirochaete of relapsing fever. I should not be able to distinguish 
them from each other if they were placed side by side. On 
account of the peculiar form of development, I am inclined to 
the view that the comma bacillus is not really a true bacillus, 
but an intermediate form between the bacilli and the spirilla. 
Possibly even it may be a true spirillum, of which we have a 
fragment before us. In other spirilla, for example the spirillum 
undulans, it is seen that short specimens do not form a complete 
spiral, but consist of a short rod, which is more or less curved. 
Later I shall return to this point, which is not altogether un- 
important. 
From the demonstration of the preparation in which the 
comma bacilli were cultivated in meat infusion, you have already 
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learned that they can be grown in that material. They 
increase in this fluid extraordinarily quickly and luxuriantly, and 
this circumstance can be utilized to study their other properties 
by suspending a droplet of a meat infusion, in which these 
organisms are growing, from the under surface of a cover-glass 
and examining it directly 


a 
with a high power. It \ c- 
is then seen that the n ΄ Ley 
“aye AN nvar== 
comma bacilli are extra- L^ re EPS 


. ae . CÓ (NX AS (à WPS 
ordinarily active in their σι fry * (om (e a. 


( 
LS 
movements. Whenthey 7:2 ¢ 
accumulate in numbers v 


Le 


. Fig 7. 
at the margin of the Cover-glass preparation of the edge of a drop 
droplet , and are swim- of meat infusion containing a pure cultivation 


. . . of comma bacilli. Spirillar threads (a) x 600. 
ming about actively, it 


scems quite as if there were ἃ swarm of midges, between which 
dive here and there long spiral-shaped threads, which have 
themselves pretty active motion. The whole forms a peculiar, 
and in the highest degree characteristic picture. (See fig. 7.) 

The comma bacilli also grow in other fluids, and they especially 
develope in milk very rapidly and luxuriantly. "They do not 
cause the milk to curdle, nor do they separate the casein, as 
many other bacilli do, which have equally the property of 
developing in milk. The milk appears quite unchanged, but if 
a small drop be taken from the surface and examined micro- 
scopically, it swarms with comma bacilli. Further, they grow 
in blood serum, in which they develope very rapidly and increase 
luxuriantly. A very good soil for the comma bacilli is the 
nutrient jelly, of which you have already seen a specimen. 
This nutrient jelly is also of use, as I have explained in the 
demonstration of the method of cultivation, for rendering the 
discovery of the comma bacilli easier and extremely certain.* In 
nutrient jelly the colonies of the comma bacilli take quite a 
characteristic and definite form, which, as far as I have investi- 
gated, and as ny experience goes, is like that formed by no other 
kind of bacillus. 

The colony appears, when it is quite recent, as a very pale 
and tiny drop, which is not completely circular, as is usually the 
case with colonies of bacteria in gelatine. They have a contour 

* A demonstration preceded the reading of this paper.—G. L. L. 
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Further, the comma bacilli can be cultivated when placed in 
agar-agar, to which meat infusion and peptone has been added. 
This agar-agar jelly is not liquefied by the comma bacilli. They 
can also be grown on boiled potatoes, and, in regard to certain 
questions, this is a very important point. They grow on potatoes 
just like the bacilli of glanders. These last, as you have 
perhaps seen in the cultivations demonstrated at the Hygienic 
Exhibition, form a thin pap-like brownish layer on the potatoes. 
The cultivation of the comma bacilli, if grown on potatoes, is 
similar to this, but it is not coloured such a deep brown, but 
rather a light-greyish brown. 

The comma bacilli thrive best at a temperature of from 80° 
to 40? C., but they are not very sensitive to lower temperatures. 
Experiments have been made, which have shown that they do 
quite well at a temperature of 17° C., though they grow corre- 
spondingly slower. Under 17° C. the growth is very slight, and 
under 16° C. it seems to stop altogether. In this respect the 
comma bacilli correspond in a noteworthy manner to the 
anthrax bacilli, which also require about the same limits as 
regards low temperature. I once made an experiment as to the 
influence of lower temperatures on the comma bacilli, to discover 
if it were possible not only to delay their development by a very 
low temperature, but even to destroy them. For this purpose a 
cultivation was placed for an hour in a temperature of —10° C., 
which completely froze it. Then a cultivation was made there- 
from in gelatine, but this showed in its development and growth 
not the slightest difference. It bore freezing perfectly well. 
Not so is it with the deprivation of air and oxygen. It stops 
growing at once if it is deprived of air, and therefore if one 
accepts the division of wrobie and anwrobie organisms it would 
belong to the anwrobic. One can easily convince onesclf in this 
way. After the inoculated jelly hus been poured out on a glass 
plate, and when it has just begun to solidify, a piece of glass 
(Marienglass), or mica split as thin as possible, is laid on the 
middle of the »celatine so as to cover ut least one-third of the sur- 
face. The leaf of mica, on account of its elasticity, adapts itself 
accurately to the surface of the gelatine, and shuts off the air 
from the covered portion. It is then seen, as soon as the de 
velopment of the colonies commences, that it occurs only in the 
uncovered portion of the gelatine, and reaches very little under 
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linen, preparations which show almost only comma bacilli. You 
have seen such a preparation obtained from the linen of a cholera 
patient which was soiled with dejecta and kept moist (fig. 6). 
The luxurious growth of the comma bacilli does not, however, 
last very long. After two to three days they begin to die, and 
the other bacteria then increase in number. These circumstances 
are similar to what goes on in the intestine itself. <A rapid 
growth takes place, but when the period of vegetation, which 
only lasts & short time, is over, and especially when there is 
transudation of blood into the intestine, the comma becilli 
disappear again and in their stead other kinds, especially 
putrefactive bacterin, develope. On this account I would almost 
assume, « priori, that if the comma bacilli are introduced into a 
putrid fluid containing much of the products of decomposition of 
other bacteria, and iu particular of putrefactive bacteria, they 
would not develope properly, but would soon die. Upon this 
point, however, exhaustive experiments have not as yet been 
made, and it is only a conjecture I should make on the ground 
of experience gained in the cultivation of other bacteria. This 
point is of importance so fur, because it is not altogether a 
matter of indifference whether the comma bacilli, when they get 
into a cesspool, will there find a good or a very bad soil. In 
the first ease they would increase, and must be destroyed by 
disinfection ; in the latter they would die, and the cesspool 
would need no further disinfeetion. According to all the 
expericnee I have at my conimand, I am inclined to aeeept the 
latter view. 

The comma bacilli thrive best in fluids which do not contain 
too little nourishing material. Several experiments have been 
made as to this point. A meat infusion, with an alkaline 
reaction, was diluted and inoculated with comma bacili. In 
one of these experiments the meat infusion, after being diluted 
five times, proved itself to be no longer a suitable medium. Iu 
another the comma bacilli grew even after a tenfold dilution. 
It stands to reason that these experiments must be performed 
again and carried out on a more extensive scale, in order to find 
a certain limit; but in any case this result was recognized, that 
the dilution could not go very far. and that the comma bacilli 
required a certuin concentration of the nourishing material for 


growth. 
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influence of iodine on the comma bacilli was carried out by 
adding iodine water to a meat infusion, which was carefully pre- 
pared, so as to form a good nourishing material. Iodine was 
dissolved in water in the proportion of about 1 to 4,000. Of this 
iodine water 1 cc. was mixed with 10 cc. of the meat infusion, 
but this addition did not hinder the development of tho bacilli in 
the slightest degree. The proportion of iodine, which will pre- 
vent the bacilli from developing, would have to be far greater 
than that used in the experiment. Therefore it did not appear 
to me to be necessary to perform further experiments, since in 
practice a greater amount of iodine than this could not be 
given. 

Alcohol first prevents the development of the comma bacilli 
when one part is added to ten of the cultivating fluid, that is, to 
the extent of 10 per cent. This is a degree of concentration 
which in any case cannot be made practical use of. 

Common salt was tried to the extent of 2 per cent. without 
any hindering of the growth of the comma bacilli being caused. 

Sulphate of iron prevented development first on 2 per cent. being 
added to the cultivating fluid. As this material has frequently 
been used for disinfection during cholera times, I would impress 
on your memory that 2 per cent. strength is the first limit of 
hindrance to development, and that by this concentration sul- 
phate of iron does not kill the comma bacilli. The power of 
sulphate of iron in preventing development depends upon th- 
fact, that on its addition to the cultivating fluid the peptones am! 
the albuininates, which serve for the nourishment of the bacteria. 
are precipitated, for a copious precipitate occurs on the addition «t 
a2 per cent. solution of sulphate of tron. Possibly also the acil 
reaction comes Into play in hindering the growth. — A spceitic 
action on bacteria does not therefore seem to be possessed hy 
this material, and it is not a real destroying or disinfectiuz 
material. I consider it even possible that with a muterial of this 
kind quite the contrary result may be obtained to what is 
intended. Given the case in which the contents of a cesspool. 
into which it is supposed that the comma baeilli have entered, 
have to be disinfeeted. According to my idea the putre- 
factive process going on in the material is quite sufticient of 
itself to kill the comma bacilli. But if iron sulphate is 
added to such an extent as to cause an acid reaetion, and thus 





FOR THE DISCUSSION OF THE CHOLERA QUESTION. 941 


to interrupt the putrefactive process, nothing occurs except the 
cessation of the growth of the bacteria, as well as the comma 
bacilli. The bacteria will not be killed, and as regards the 
comma bacilli, the prejudicial influence of the septic bacteria 
being taken away, they will be preserved insteud of being 
destroyed. 

This instance is & very good one as showing that the disinfectant 
must be accurately estimated and tested on this point, and that 
one has to carefully decide what acts only as a preventive to 
decomposition, and what is really destructive to the bacteria. 
Possibly the first may even serve as ἃ preservative to the infec- 
tive material. 

I shall go over only shortly the proportion of other substances 
necessary to inhibit the development. Alum, 1 to 100. Camphor, 
1 to 300; I had particularly expected from camphor a stronger 
action, but several careful experiments have shown that this 
substance possesses only a slight influence on the comma bacilli. 
Carbolic acid, 1 to 400; this number agrees roughly with what 
we previously knew of carbolic acid and other bacteria. Pepper- 
mint oil, 1 to 2,000. Sulphate of copper, 1 to 2,500; this material 
has a fairly strong effect, but if one calculates how much sulphate 
of copper must be given to hinder the growth ofthe comma bacilli 
in the intestinal canal, one would arrive at a quantity which it 
would be impossible to administer to anybody. Quinine, 
1 to 5,000; and corrosive sublimate, which here again is found to 
be far superior to all other substances, 1 to 100,000. 

In these experiments as to the influence of development- 
inhibiting materials, the surprising fact was established that the 
comma bacilli extraordinarily easily die when they are dried. The 
experiment was done by allowing a small droplet of a substance 
containing bacilli to dry on a cover-glass, (indeed for a series of 
expcriments a large stock of such cover-glasses should be prepared). 
On such a cover-glass a small drop of the fluid to be tested is 
placed, and the development is then studied in a hollow slide. 
By proceeding in this way it was found that in not a single pre- 
paration was there any growth, but what was more remarkable, 
there was none in the control specimen, in which the fluid 
cmployed was pure meat infusion. At first I did not at all know 
on what the non-appearance of the growth depended, and thought 
that the cause must lie in the meat infusion, for in similar 
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experiments with other bacteria I had never met with anything 
ofthe kind. For example, the anthrax bacilli can be kept for a 
considerable time dry on cover-glasses, and in this state they 
remain capable of growth from a half to a whole week. As the 
examination of the meat infusion showed that the fault was not 
due to it, we had to test whether the comma bacilli had not 
been destroyed through the process of drying on the cover- 
slass. ΤῸ get information on this point the following experi- 
ment was performed. A number of cover-glasses were provided 
with a droplet of some bacillus-holding material. ‘The droplet 
dried up after ἃ few minutes. Then one cover-glass after a 
quarter of an hour, another after half an hour, another after an 
hour, and so forth, had plaeed upon it & drop of meat infusion. 
It then became apparent in the several series of experiments 
which were made, that the comma bacilli on the glasses dried for 
a quarter of an hour, for half, and for a whole hour were capable 
of development, but that many of those dried for two hours were 
dead. In none of these experiments did the bacilli retain their 
vitality for more than three hours. It was only when compact 
masses of bacillus cultivation (for example, the pap-like substance 
of a cultivation grown upon potatoes) were dried, that the bacilli 
remained alive for a longer time, evidently because in these cases 
complete dryness oceurred very much later. But even under 
these cireumstances the bacilli have never been found to retain 
their vitality in a dry state longer than twenty-four hours. 

This result was in so far important, for with its help it was 
easy to test whether the bacteria had a resting-stage (dauer- 
zustand), We know that other pathogenic bacteria which form 
spores, for instance anthrax bacilli, can be preserved in a drv 
state in their resting or spore condition for years on a cover-glass 
without dving. We know also of other infective materials, with 
the nature of which we are not vet precisely acquainted, for 
example variolous or vaccine matter, that they can remain active 
in a dry state for a long time, even for several years. These 
cases depend on the existence of a real resting-stage. If then, the 
comma bacilli, which are destroyed in such an unusually quick 
manner by drying, exist in a resting-stage under any conditions, 
this fuct must very soon be made evident by drying them. 

In any case this is one of the most important questions in the 
etiology of an infective disease, but particularly so for cholera. 
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whether they occur in all cases of cholera, and whether they — 
ate wanting in all non-cholera cases, that is to say, whether they _ 

' Delong exelusively to cholera. From this Martes 
snumber of cases ns possible have been thoroughly examined. 

^. In Egypt 10 post-mortem examinations could be utilized, thongh 
these were only microscopically tested ; for the characteristion of 
the comms bacilli, as shown by their growth in nutrient jelly, 
were not at that time sufficiently well known to me, to enable me . 
to use the gelatine process for the demonstration of the bacilli; 
But I have convinced myself by careful microscopical examination, 

_ that the comma becilli were present in all these cased. Then in 
India 49 autopsies were examined microscopieally as well as by 
cultivation in nutrient jelly, and in no case were the comma 
bacilli absent. In a number of cases having an acute course, 
almost a pure cultivation of the comma bacilli was found in the 
intestine. Further, in India the dejections of 82 cholera patients 
were examined in like manner, and in each case the comma 
bacilli were demonstrated therein. Also vomited fluids from 
cholera patients were very often examined, but in these the 
comma bacilli were only found twice, and in these cases the 
character of the vomit showed, that it was not the true stomachis 
contents, but the contents of the intestine, which had been driven 
up by the pressure of the abdominal walls and so evacuated ; the 
fluid having an alkaline reaction and quite the appearance of 
intestinal contents. I have also found the comma bacilli in pre- 
parations made from eight other autopsies, part of which I had 
had sent to me previously from India, and part I had re- 
ceived from Dr. Kartuhi and Dr. Schiess Bey from Alexandria; 
and lastly I made a short time back two autopsies in Toulon, 
conjointly with Dr. Strauss and Dr. Roux, and in these cases; 
as well as in the dejections of two other cases, the comme. 
bacilli were discovered. In both the autopsies in Tow 
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extremely characteristic and acute cases were dealt with. The 
one, & sailor was to be dismissed from the hospital on that day 
as convalescent from malaria. He did not, however, go out, 
for about 11 o'clock in the forenoon he was attacked by cholera ; 
at 9 o'elock in the afternoon he was dead, and the post-mortem 
examination was made at half-past 8. I shall take this 
opportunity of remarking, that in almost all the cases examined 
by me the autopsies were made very shortly after death. In 
several cases the autopsy was made directly after death, and 
in most cases only two or three hours after, so that the post- 
mortem decomposition could not yet have altered the condition 
of the intestine and its contents. Iu the nbove-mentioned 
case, as well as in a number of former autopsies, it was very 
evident that in acute cases almost ἃ pure cultivation of comma 
bacilli was present in the intestine. I was able to demonstrate 
these facts to Drs. Strauss and Roux, who had not yet succeeded 
in discovering the comma bacilli either microscopically or by 
means of cultivation on solid materials. Dr. Strauss informed 
me that they always thought that there was some knack in the 
process of colouring and cultivating the comma bacilli. They 
have, however, convinced themselves that there is nothing 
simpler, if only a pure and uncomplicated case is chosen for 
examination. 

Also in the second fatal case which was investigated at Toulon 
the comma bacilli was found in the intestine almost in a pure 
cultivation. At this opportunity I begged Dr. Strauss to demon- 
strate the microbe, which according to his statement existed in 
the cholera blood. But in neither case could these bodies be 
found. 

If we reckon all these cases together they come to nearly 
100, which were examined for the presence of the comma 
bacilli, and in all the cases were they found. But the inves- 
tigation has not only proved that they were present, but, as 
I have already indicated, they always stand in a direct relation 
to the cholera process itself. For where the true cholera process 
causes the most marked changes in the intestine, namely, in 
the lower half of the small intestine, they were found most 
numerously, above they diminished more and more. In the 
most typical cases they appeared almost as a pure cultivation. 
But the older the cases were, and the more the secondary changes 
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| had taken plo in the intestine, sn mosh the im staan 
-. From the ehélersio matter investigated by me upto the present 
time, I believe I oan now affirm, that the comme. bacilli are 
never absent in cholera. 'Theyare something specific to cholera. 
' For purposes of control & large number of other cadavara, 
dejections from the sick and the healthy, and other substances 
containing bacteria, have been examined in the same manner, to 
find out if these bacilli, though they are never wanting in cholera, 
might perhaps be present elsewhere; a point which is of the 
greatest importance in deciding the causal connection between 
‘the comma ‘bacilli and cholera. Among the objects which were 
- examined was the body of ἃ man, who had had cholera six weeks 
previously, and had died of angmis. In his intestine there was. 
absolutely no trace of the comma bacilli to be found. Further, 
the dejecta of a man were examined, who had had an attack of 
cholera seven or eight days previously, and in whom the evacua- 
tions had already begun to be more solid. In this case also the 
‘ comma bacilli were wanting. In order to convince myself that the 
comma bacilli only occur in cholera, I have thoroughly examined 
more than 80 cadavera. For this purpose I chose principally 
the bodies of those who had died of some intestinal affection, 
such as dysentery, or intestinal catarrh, so frequently fatal in the 
tropics, also cases of ulceration of the intestine, a case of typhoid, 
and several cases of typhus. In this last-mentioned disease the 
changes in the intestine were at first sight very similar to those, 
which occur in cases of cholera running ἃ severe course with 
hemorrhage in the intestine. The small intestine in its lower 
segment was infiltrated with hemorrhages, but it was worthy of 
note, that Peyer’s patches were much more changed in typhus than 
in cholera, where they show only the slightest changes. In all 
those cases, which were principally intestinal diseases, there were 
never any of the comma bacilli found; and experience taught 
that these kind of intestinal affections especially predispose to 
attacks of cholera. It was therefore to be expected, that the 
comma bacilli, if they occur anywhere, would be found especially 
in such cases. Besides, a large number of evacuations from 
dysenteric patients were examined, without finding the comma 
bacilli in any one of them. These investigations I have 
continued later in Berlin in conjunction with Dr. Stahl; my 
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untiring fellow-worker, from whom much was expected in bac- 
terial investigations, but whose activity death has unfortunately 
brought to an early termination. We tested for the presence of 
the comma bacilli a large number of evacuations, chiefly from the 
diarrhea of children, but also from that of adults; further, we 
tested the saliva, as well as the material rich in bacteria adhering 
to the teeth and the tongue, but always with negative results. 
After that different kinds of animals were examined. Because in 
arsenic poisoning there appears a group of symptoms very like 
those of cholera, animals were poisoned with arsenic and after- 
wards examined. A number of bacteria were found in the 
intestine, but no comma bacilli; nor were thev found in the 
sewage from the drains of the town of Calcutta, in the extremely 
impure water of the river Hughli, in a number of tanks which 
were situated in the villages and between the huts of the natives, 
and which contained very dirty water. Wherever I could obtain 
a fluid containing bacteria, I have examined it for the presence 
of the comma bacilli, but I have never found them. Only once 
in the water, which at flood time overflows the lands near the 
salt-water lakes lying to the east of Calcutta, have I met with a 
kind of bacteria, which at first sight had a certain resemblance 
to the cholera bacilli, but on more exact examination it appeared 
larger and thicker, and its cultivations did not liquefy gelatine. 
Besides this observation I had already at my disposal a pretty 
considerable experience of bacteria, but I cannot call to my 
recollection, that I have ever seen previously any bacteria which 
resemble the comma bacilli. I have spoken with many who 
have made a large number of cultivations, and have had much 
experience, but they have al] declared to me, that they have not 
yet seen such a form of bacteria. I believe, therefore, I can 
say with certainty, that the comma bacilli are the constant 
companions of the choleraic process, and that they are present 
nowhere else. 

It will be now time to answer the question, What can we 
suppose to be the connection between the comma bacilli and the 
choleraic process ? In answering this question, three different 
propositions can be advanced. First, it may be said that the 
cholera process is favourable to the growth of the comma bacilli, 
because it provides a soil for them, and as a consequence ἃ sur- 
prising increase in this kind of bacteria takes place. If this 
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assertion is made, then one must go upon the 
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is without any foundation in fact, and is a pure hypothesis. We 
do not yet know such a change of one kind of bacteria into 
another. The only example of change in the peculiarities of 
the bacteria affects their physiological and pathogenic action, but 
not their form. The anthrax bacilli, for instance, lose their 
pathogenic action, if they are treated in a certain way, but they 
remain quite unchanged in their form. In this example, then, 
we have to do with a loss of their pathogenic properties. But 
this is exactly the contrary to what would take place, if the 
harmless intestinal bacteria changed to the dangerous cholera 
bacilli, and of this kind of alteration, viz., from harmless to 
hurtful bacteria, there does not exist one well-authenticated 
example. Some years ago, when bacteric investigation was yet 
in its infancy, one might have suggested such an hypothesis 
with some degree of justification. But the more the knowledge 
of the bacteria has advanced, the more has it become apparent, 
that as regards their form the bacteria are extraordinarily 
constant. In reference to the comma bacilli specially I shall 
here notice, that if they are grown outside the human body they 
retain completely all their previously described characters, Fer 
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were performed over and over again with material from different 
cholera cases, our mice remained quite healthy. Then monkeys. 
‘were experimented on, as well as cats, dogs, poultry, and various 
7 ‘other animals which were available, but we have never been 
. able to obtain anything like the cholera process. In the same 
^ way we experimented with cultivations of the comma bacilli, and 
wsed them as food in every stage of their development. We 
also found that when we fed animals on large quantities of the 
comma bacilli, then killed.them, and searched the contents-ef ' 
&heir stomach and intestine for comma bacilli, that the cpmma- 
bacilli were destroyed in the stomach, and did not usually reach 


cens, giving a beanlifel sol eclour, which en ἀροσα of 
its striking colour was easy to recognize, and therefore was par- 
tionlarly. suitable for such an experiment. This mierocosus, 
at my suggestion, was used es food for ἃ mouse by Dr. Barclay 
of Calcutta, and the intestinal contents of the animal were placed 
on potatoes. There again red colonies of micrococci were 
found, showing that it had passed through the stomach of the 
mouse uninjured. The comma bacilli, on the contrary, are 
destroyed in the stomach of animals. As it had to be decided 
whether the failure of the feeding experiment depended on 
this peculiarity of the comma bacilli, the experiment was altered, 
and the substances introduced directly into the intestine of the 
animals. The abdomen was opened, and the fluid was injected 
directly into the small intestine by a subcutaneous syringe 
(Pravaz’s). The animals bore this interference very well, but 
they did not become ill from it. Then we tried in monkeys to 
throw the cholera dejections as high up as possible in the 
intestine through a long catheter. This was easily done, but the 
animals remained well. Also I have to mention that purgatives 
were first given to animals to excite a certain amount of irrita- 
tion in the intestine, and then the infective substance was 
introduced, without a different result being obtained. The only 
experiment in which the comma bacilli showed a pathogemiy - 
effect, and which therefore made us hope st first that seve 
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result might be got from it, was the injection of pure cultivations 
directly into the circulation of rabbits, and into the abdominal 
cavity of mice. The rabbits appeared to be very ill, though they 
recovered again after a few days. The mice, on the other hand, 
died after from twenty-four to forty-eight hours, and comma 
bacilli were found in their blood. 

One must, of course, use a fairly large quantity in animals, 
and it is not as in other infective experiments, which require 
only the use of the smallest amount to obtain ἃ result. As regards 
the possibility of being able to infect animals with cholera, I 
have inquired all over India, to obtain evidence of a similar 
disease being observed in animals, but I have been assured that 
even in Bengal nothing of the kind has ever occurred. In this 
province there is an extremely dense population, and many 
kinds of domestie animals, and it must be allowed that in that 
country, where cholera is universally and continually present, 
animals, just as often as men, get the infective material of 
cholera into their digestive tracts in quite as active ἃ form ; but 
it has never been observed that animals fall ill with attacks like 
cholera. I believe therefore, that not ouly all those animals 
which are at our disposal for experimental purposes, but those 
which commonly come in contact with mankind, have all of 
them an immunity from cholera; and that a true cholera 
process cannot be artificially produced in them. Hence we must 
give up this method of proof. 

Nevertheless one cannot therefore say that no proof at all of 
the pathogenie action of the comma bacilli can be brought for- 
ward by this means. I have already explained to you that as 
fur as I am concerned, I cannot, even excluding these experi- 
ments on animals, form any other opinion, except that there exists 
& causal connection between the comma bacilli and the cholera 
process. If later attempts to produce in animals something 
similar to cholera should be successful, they would not be more 
convincing to me than the facts which stand now at our disposal. 
Moreover, we know other diseases which do not spread to animals, 
for instance, leprosy ; and yet we must assume, from what we 
know of the leprosy bacillus, that it is the cause of leprosy. In this 
disease also we cannot avail ourselves of experiments on animals, 
for up till now no species of animal has been found susceptible 
to leprosy. Apparently it is just the same with typhoid fever, 
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I do not know that anybody has been successful in infecting 
animals with it. Hence we must be satisfied if we can establish 
the constant presence of a certain kind of bacteria in the disease 
under eonsideration, and the absence of the same bacteria in 
other diseases. The bacteria in question must always go hand- 
in-hand with the infective material of the disease, and what I 
especially lay stress upon, the occurrence of the pathogenic 
bacteria must correspond to the pathological changes in the 
body, and to the course of the disease. On the other hand, we 
are aware of diseases of the lower animals, which cannot be 
transferred to man, for example, rinderpest and pleuro-pneu- 
monia. We here meet with one of the most widespread 
phenomena in nature. Almost all the parasites attack only 
one or a few species of animals which serve as its host. I 
would remind you of tape-worms ; many species of animals have 
their own especial tape-worm, which can develop only in that 
species and in no other. 

We must, therefore, do without this part of the proof in a 
large number of infective diseases, including the exanthemata ; 
and we can do this the more easily, because we are already 
acquainted with a whole series of other diseases which are caused 
by pathogenic organisms, in which, moreover, the conditions are 
similar, and with regard to which we know with complete cer- 
taintv that the disease is produced by the organisms whieh are 
found in it, while on the other hand we have never vet seen 
that a disease produces a specific organism. I think that after 
we have learnt to recognize a number of diseases produced by 
stich parasites a deduetion can be fairly made from analo:y. 

Besides, we have at our disposal some observations quite us 
eoo as experiments on men. We ean, in faet, reeard as ex- 
periuents what occurs under natural eireumstanees..— The most 
iuportant of these observations is the infeetion of persons having 
to do with cholera linen. I have had several opportunities ef 
examining cholera Iinen, and have. always found, (as you eould 
convince yourself in. one of the mierosceopieal preparations,) tke 
ering bacilli im enormous numbers, and almost as a pure 
cultivation ἃ the mueus-like substance, which is on the 
surface of the linen soiled with dejeeta. 

If then an infeetion oceurs through the cholera linen, as the 
comma bacilli is the only organism in question, the infection 
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previously. If these cases had furnished the bacilli in the tank 
water, then the bacili would have been far more numerous on 
the second occasion than on the first. In this case, therefore, it 
cannot be said, that the presence of the comma bacilli in the 
tank was only a consequence of the cholera epidemic. On the 
contrary, the circumstances were such that the epidemic followed 
the bacilli. To these kinds of observations, and especially to 
infection through cholera linen, we must attach the greatest 
importance, for perhaps we may never be able to carry out direct 
infection experiments with any result. 

For my view, that the comma bacillus is the cause of cholera, 
I find further important evidence in the fact, that the whole 
etiology of cholera, as far as it is known to us, is completely in 
accord with the characteristics of the comma bacilli. 

We have seen that the comma bacilli grow extremely rapidly, 
that their vegetation quickly reaches a climax, then ceases, 
and that finally they are supplanted by other bacilli. This 
corresponds exactly to what goes on in the intestine in 
cholera. 

It may be assumed that, as is the case with other bacteria, 
very few of the commu bacilli, (under certain circumstances even 
one,) might suffice to cause anu infection. Correspondingly, we 
can well picture to ourselves single comma bacilli being admitted 
opportunely to the intestinal canal, and increasing there very 
rapidly. As soon as they have increased to a certain degree, an 
irritation of the intestinal mucous membrane and diarrhea 
occurs; then as the increase goes on and reaches its height, the 
peculiar group of symptoms, whieh we designate as the true 
cholera attack, appears. 

We have formerly scen that it is highly probable, that the 
comma bacilli cannot pass the stomach under ordinary circum- 
stances, at least in animals. This also agrees with all our 
experience of cholera. For it appears that predisposition plays 
an extremely important part in cholera infection. It may be 
presumed that of ἃ number of individuals, who are exposed to 
cholera infection, only a fraction fall ill, and these are almost 
always those who had previously suffered from some disturbance 
or other of the divestion, for instance catarrh of the stomach or 
intestine, or who had overloaded their stomach with indigestible 
food. Especially in tlie last case masses of food, more or less 
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undigested and incompletely acted upon by the stomach, could 
pass into the intestine, and possibly could carry with them the 
comma bacilli not yet completely destroyed. Certainly the fre- 
quent observation is well known, that most of the cholera cases 
happen on Monday or Tuesday, these being the days which 
succeed excesses in eating and drinking. 

Now it is certainly a peculiar phenomenon that the comma 
bacilli should be confined to the intestine. They do not spread 
to the blood, nor even to the mesenteric glands. How does it 
happen, then, that this vegetation of bacteria in the intestine 
can cause death ? To explain this it must be recollected that 
the bacteria in their growth do not only use up matter, but also 
produce substances of a very different kind. We already know a 
number of these products of bacteric fermentation, which are of ἃ 
very peculiar nature. Many are volatile, and give off an intense 
odour, others form colouring matter, others again form poisonous 
substances. The decomposition of albuminous fluids, such as 
blood, produces poisons which, since the decomposition is only a 
consequence of the growth of bacteria, must be the products of 
change of these bacteria. Many appearances are in favour of 
these poisons being produced only by a given kind of bacteria, 
for we see that putrid fluids, which at one time can be injected 
into an animal without having any effect, at another time will 
prove to be highly poisonous. Thus I should explain the 
action of the comma bacilli in the intestine as being due to 
the poisonous products of decomposition. In support of this 
view I possess certain facts. In one of the cultivation experi- 
ments the gelatine had a fairly large number of blood corpuscles 
in it, as well as comma bacilli. After the gelatine had been 
poured out on a glass plate ἃ number of colonies of comma 
bacilli grew. The plate had the appearance as if a red-coloured 
dust were suspended in it, as the effect of the individual blood 
corpuscles could be clearly made out by transmitted light. In 
this red granular layer the colonies of the comma bacilli appeared 
even to the naked eye as small colourless bodies. When it was 
examined microscopically, it showed the surprising phenomenon 
that the colonies of the comma bacilli had destroyed all the 
blood corpuscles in a fairly wide circle around them, which even 
extended far beyond the limit within which the gelatine had been 
liquefied. Thus it appears that the comma bacilli can exerciso 
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water and thickening of the blood, should be in reality considered, 
according to my idea, poisoning. For it not unfrequently hap- 
pens, that even though a comparatively small quantity of fluid 
has been lost during life, through vomiting and diarrhea, the 
intestine also will be found to contain only a little fluid after 
death. 

If death occurs in the stage of cholera poisoning, the post- 
mortem appearances correspond to those cases, in which the 
intestinal mucous membrane is very little changed, and tho 
intestinal contents consist of & pure cultivation of the comma 
bacilli. 

On the other hand, if this stage is prolonged, or if it is sur- 
vived, then the consequences of the necrosis of the epithelium 
and mucous membrane make themselves evident. Capillary 
hemorrhage in the mucous membrane occurs, and the con- 
stituents of the blood mix more or less abundantly with the 
intestinal contents. ‘Then the albuminous fluid in the intestine 
begins to decompose, and under the influence of the bacteria of 
decomposition other poisonous products are formed, which are 
likewise absorbed. These, however, act differently to the cholera 
poison, and give rise to symptoms corresponding to those com- 
monly designated as cholera typhoid. 

In accordance with the theory, that the comma bacilli can 
grow and develop their action in the intestine only, the seat 
of the infective material must be sought for in the dejecta of 
the patient, and exceptionally in the vomit. I believe on this 
point I am in entire agreement with the more recent views. 
Certainly this theory is still contradicted by some investigators, 
but we possess such incontestable examples of it, especially 
infection by cholera linen, that, without regarding the cholera 
bacilli, there can be no doubt at all that the cholera dejecta 
really contain the infective material of cholera. 

For the further spread of the infective material, the main con- 
dition is, that the dejecta should remain in a moist state, for 
as soon as they dry up they lose their activity. 

One of the most frequent paths by which the infective 
material spreads, is water, of which we have had an example in 
the tank epidemic. How easily can cholera dejections, or the 
water used for washing cholera linen, contaminate wells, public 
water-courses, or other places from which drinking or service 
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conditions occur less easily, or sometimes not at all. For 
the continuous current prevents & localised concentration of 
nourishment in the fluid, sufficient for the pathogenie bacteria. 
The connection between the sinking of the ground water, and the 
increase of many infective diseases, we might explain thus, that 
with the sinking of the ground water the current which exists in 
it becomes very much lessened. Besides, the mass of water 
lying superficially at disposal will be considerably diminished, 
and therefore such a concentration as I have described as neces- 
sary for the growth of the bacteria, will be produced much 
sooner. 

If we grant that cholera depends on a well-defined specific 
organism, then we could not admit a spontaneous (autochtone) 
origin of cholera in any place. Such a specific organism, even if 
it is only a comma bacillus, follows just as much the laws of 
growth as a highly developed plant. It must always develope 
from its like, and cannot be produced from other things or out of 
nothing. But since the comma bacilli do not belong to the 
universally distributed micro-organisms, we are compelled to 
trace the disease dependent on them to well defined localities, 
from which these micro-organisms have been brought tous. We 
could not, therefore, imagine that the cholera can arise of 
itself, even though exceptionally, in the delta of the river Nile, 
because this is in some respects similar to the delta of the 
Ganges, as was last year asserted in all carnestness. Just as 
little can we think, that cholera could arise here among us 
in Europe without previous importation of the comma bacilli. An 
attempt was once made to prove, that a cholera epidemic occurring 
in Europe, which apparently had broken out in an isolated 
manner in Poland, had arisen spontaneously, but later 10 beeame 
evident, that this mode of origin could not be admitted. For 
the cholera in this ease had existed in various parts of Russia in 
small unobserved epidemics, and had been carried to Poland by 
troops. <A short time back a somewhat similar example came to 
my notice. About ten years ago the cholera broke out suddenly 
in the town of Hama in Syria, and nobody knew how it had 
come there. 1t was repeatedly declared that it had arisen spon- 
tancously. I was lately asked about it by a French physician in 
France, and since there was nothing definite to be found on record 
as to the origin of this epidemic, I could only answer, that the 
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‘of the delta is thickly covered with townships, E 
‘the triangle appears quite uninhabited. "This uninhabited streteh 
: of land, ealled the Sunderbuns, embraces an area of 

' "ilish qnare zniles; and ia:separated from the densely, 
ee ene Here the great rivers the 
Ganges and the Brahmaputra break up into a network of water- 
^ courses, in which the sea water, mixing itself with the river 
Gender βοικειδῖθιας «id thitberrwit-ts do, Sa Aen 
places large tracts of the Sunderbuns under water. 

‘A Toxuriant vegetation and an abundant animal life have 
developed in this uninhabited region, which is insceassible to 
tan not only on account of the floods and the numerdus tigers, 
but is avoided principally on sccount of the pernicions. fever, 





. Which attacks everybody who remains there even for quite-« 


Short time. One can easily imagine how dense the vegetable 
and animal matter is which is given up to decomposition in the 
marshy districts of the Sunderbuns, and that here.sm oppostundy 
is afforded for the development of micro-organisms, such as exists 
in scarcely any other place on the globe. Peculiarly favourable 
for this are the regions between the inhabited and the uninhabited 
parts of the delta, where the excrements of an unusually thickly 
populated country are washed away by the current, and flowing 
here and there, are mixed with the brackish water of the 
Sunderbuns, already teeming with decaying matter. Under 
these peculiar conditions quite a distinct fauna and flora of 
micro-organisms must be developed there, to which in all pro- 
bability the cholera bacillus belongs. For everything points 
to the cholera having its origin in this district. All the greater 
epidemics have begun with an increase of cholera in the southern 
portion of Bengal. Jessore, from which the first intimation of 
the epidemic of 1817 came, lies on the borders of the Sunderbuns; 
and Calcutta, which is now the fixed home of the cholera, is 
connected with the neighbouring Sunderbuns by a marshy and. 
sparsely inhabited tract of land. 

Now the comma bacillus finds in this district, contiguous to. 
its presumptive home, the most favourable conditions imaginabla 
to implant iteelf and to be spread from one individual to anctheny: 
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together, which are ΡΣ ae 
lying in the town are called Bustees. 
and the like, the huts of a Bustee do not possess. 
collected between the dwellings can, on account of the 
-of the buildings, be only incompletely removed, and the 
carriéd. direetly or washed by the rain to the tanks, the 
eesspools for all the fluid filth. Connection between such hu 
and this system of drainage is out of the question. 

At the same time with the drainage, the construction of water- 
works for Calcutta was taken in hand. Water was taken from 
the Hughli several miles above Calcutta, was well filtered, and 
then conducted to the town. The water-works were opened in 
the year 1870. 

From 1865 to 1870 the effect of the gradually extending 
drainage on the cholera mortality was not noticed. But 

after the opening of the water-works the cholera 
diminished, and since that time has remained on an average 
at about a third of the previous amount. The drainage also 
has considerably advanced towards completion sinee 1870, bat, 
as it has not yet further increased the remission of cholera 
which had suddenly begun with the entrance of good drinking 
water, the favourable effect in this case can only be ascribed to 
the water-works. If in spite of this, cholera still continues 
relatively frequent in Calcutta, it is due to the fact, that a great 
part of the population take what water they need, not from the 
water conduits, but in the old-fashioned way from the Hugbli, 
or from the numerous tanks. 

In the suburbs, which stand in direct connection, and the 
closest intercourse with the town, but which do not participate 
in the water supply, the cholera mortality remains as before. 

Still clearer does the influence of the water arrangements 
show itself in Fort William, which stands in the middle of the 
town on the Hughli. The fort itself is not drained, and because 
of the distance from the nearest town drains, cannot be included 
in the system of drainage. The relations of the ground water 
must be exactly the same as they were at the time of the con- 
struction of the fort. Formerly the garrison of the fort was 
every year severely visited by cholera. But since the beginning 
of 1860 the attention of the officials was drawn to the Minn. 
water, which was guarded as far as possible from impurities, adi 
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| Aes places i which every year hundreds of thousands, often over 


together in the narrowest space, and live in ithe most χρλδαεελάο, 
condition. . In these places, also, tanks are everywhere found, 
: in which thousands of men bathe, and out of which they drink. 
These are circumstances which do not make it appear at all 
wonderful that this disease, when it develops among the crowds 
-of pilgtims, quiskly opnesds ont over the whole of India. _ 
: @holera originally travelled beyond the boundaries of. Esdia 
- through North India to the interior of Asis, from. there-40 
Persis, and. thence to the south of Europe. But this hes. 
become altered since commerce does not go any more by the 
caravan route through Persis, but by sea through the Red Ses 
and the Suez Canal. I scarcely think that an invasion of cholera 
. by the land route through Asia is now to be-feared. I$ ia mot 
absolutely impossible that it may take this route, but itis-nob 
probable. But, on the other hand, the other way, the sea route 
from India through the Red Ses, principally from the ‘chief 
harbour of export Bombay, will become in my opinion from 
year to year more dangerous. From Bombay, which is seldom 
free from cholera, Egypt can be reached in 11 days, Italy in 
16 days, and the south of France in 18, or at the most 20 
days. These spaces of time, in comparison to what was the case 
formerly, have become so extraordinarily short, that the dangers 
of the direct importation of cholera from India to Europe 
will become continually greater. As in reference to this, the 
manner in which cholera behaves on board ship is of special 
interest, I should like to have permission to make & remark 
about it. 

It has always surprised me, that true cholera epidemics only 
occur in ships, which have on board a large number of men, 
while on ships manned to a less extent, and on all merchant 
ships, cholera epidemics lasting for more than a week never arise, 
even if cholera cases occur on the first day of the voyage. 
Because this point is of the greatest importance not only for the 
etiology of cholera, but also for maritime trade, I have made 
inquiries about it as far as possible, and have found that this 
observation is completely confirmed. 

If the question which arises from ship cholera is discussed;swe . 
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must cast our eye on ships which serve as transports for masses 
of men, such as troop ships, pilgrim, coolie, or emigrant ships. 
On those which start from cholera-infected ports cholera does 
not occur so seldom as is frequently supposed. The attempt 
has sometimes been made to show that marine traffic is, as 
regards the spread of cholera, quite without danger, for it is cal- 
culated that to such and such a number of ships free from 
cholera, there is only one on which cholera breaks out. To this 
calculation must be opposed the fact, that even if out of a 
thousand ships only one has cholera on board, it stands to 
reason that this one cholera ship can do just as much mischief 
as if all the thousand had been infected. If the calculation of 
the proportion between ships free from and those infected by 
cholera be limited to the crowded transports, the result, as I 
have said, is much less favourable than people imagine. 

In the Reports of the Sanitary Commissioner with the 
Government of India for the year 1881, there is found a highly 
interesting table of cholera on the coolie ships which sailed from 
Calcutta. These ships are not very large, though they carry 
from 300 to 600 Indian labourers, so-called coolies, mostly to 
the British colonies in America. Of such ships 222 made tho 
voyage during 10 years; of these 88 had cholera, and in 
16 of them the epidemic lasted more than 20 days. One 
can thus easily imagine how great the danger of a cholera 
invasion must be to the more nearly situated parts of Europe, if 
a similar coolie transport should go to Egypt, for instance, or to 
any of the Mediterranean ports. 

There is one question in the etiology of cholera, which is 
rather of a theoretical interest, and on which I have not yet had 
the opportunity of expressing my opinion, and which therefore I 
shall only shortly touch upon. This question is the explanation 
of the noteworthy fact, that cholera outside India disappears 
after a relatively short space of time. 

The extinction of the infection appears to me to depend on 
different factors. 

First, I consider it settled that, as in many other infective 
diseases, an individual obtains a certain immunity by a previous 
attack of cholera. This immunity docs not appear to last very 
long, for there are instances enough of people, who had been 
attacked during one epidemic, falling ill of cholera a second 
















xeturns again after some days to the sime 
will be continually exposed to the same burtfal 
fo,the same source of infection. Further, some ὃ 
‘which have been made in India, indicate that a 


| vidual can obtain an immunity, so can a whole rj 
-more or less safe for a certain space of time, as mény, 
‘teach us. It is often seen that if the cholera aita! 
and infects it through and through, and afterwards 
‘again in the next year, this place is almost entirely 1 
or is only very slightly attacked. 1 

As ἃ second reason for the extinction of a cholera epidemic, 
the absence of a resting-stage of the cholera bacilli is of import- 
ance, for with its help the infective material could outlast the 
duration of the immunity of the inhabitants, which would be = 

' unfavourable time for its further progress. 

Finally, there is still to be considered the cireumstance, that 
temperatures which are under 17° act so prejudicially on the 
growth of the bacilli outside the body, that. an increase no longer 
takes place. If all these factors work together, if, therefore, 
winter comes and there is only left ἃ population more or less 
immune to cholera, then, since there exists no resting-stage in the 
infective material, the epidemic must become extinct. 

Before I finish I should like to say a few words on the prac- 
tical use we can put the discovery of the comma bacilli to. It 
is commonly said, What is the use of such a discovery? We 
certainly know that cholera arises from bacilli, but in spite of 
this we cannot cure the discase any better than formerly. I 
remember that similar opinions were frequently expressed with 
regard to the discovery of the tubercle-bacillus. He, who 
looks at these things exclusively from the point of view of the 
prescription-writing plfysician, is certainly right, for he has still 
no palpable application before his eyes, but yet these critics 
ought to remember that a rational treatment for the majority of 
diseases, and especially for infective diseases, cannot be carried - 
out, until their cause and nature has been recognized. I have. ἢ 
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hopes that even without this, the discovery of the cholera bacilli 
will be of very great use. First, I think it may be of use from 
a diagnostic point of view. It is extremely important that the 
first case, which occurs in any country or place, should be cor- 
rectly diagnosed. In my opinion one can now determine with 
certainty whether cholera is present or not by the demonstration 
of the cholera bacilli. This appears to me to be a very important 
advantage. 

Further, I believe that after we have recognised the true 
cause of the disease and its peculiarities, the etiology of cholera 
can be constructed on definite and established lines, and some- 
thing final can be formulated out of its many contradictions. 
Now we shall obtain an established basis for an harmonious 
course of action, the scope of which will be definitely known. I 
hope to get especial advantage from the observation that the 
comma bacili are destroyed by drying. Certainly the fact that 
the choleraic infective material is destroyed by drying should 
have been made use of in practice earlier than now, but it wanted 
experimental support, and there was never any certainty about 
it. Now we can put down the peculiarities of the infective 
material as quite decided facts, and can reckon on them in the 
future. But the greatest advantage we obtain from it is, that a 
limit is once and for all put to the frightful waste of disinfectants, 
and that millions of money will not be again poured into the 
gutters and water-closets, as in the last epidemic, without being 
of the smallest benefit. 

Moreover, Ilean to the hope, that therapeutically recognition 
of the comma bacilli will be of use. In the future a diagnosis 
can be made in the milder cases, and at the commencement of 
the disease. Therapeutic attempts will become correspondingly 
more certain, if it is known that the patient really suffers from 
cholera. An early diagnosis must be indeed of the greatest 
value, for the prospects of a therapeutical result are brightest at 
the commencement of the disease. 


24 
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Which died twelve days after the operation, the gall bladder was 
ruptured, and the peritoneal cavity filled with bile. The two 
remaining guinea-pigs perished from twisting and obstruction 
of the intestine, in consequence of peritonitic adhesions in the 
immediate neighbourhood of the point of ligature. In these 
experiments it soon struck me, that the better the operation was 
performed, and the less severe the manipulation, so much tho 
less was the prospect of the death of the animal from cholera. 

Of 18 animals, which had only an injection into the duodenum, 
without ligature of the bile duct, 18 died of cholera. At the 
same time also control experiments were made, by tho injection 
of other kinds of bacteria, such as the micrococcus prodigiosus, 
different kinds of bacilli, &c., into the duodenum of guinea-pigs. 
Of these animals, in which the ligature of the gall duct was omit- 
ted, not one died. This showed that the operation is not of itself 
dangerous to the animal. Klein declared that the guinea-pigs 
died in these experiments, not of cholera, but of septicmmia. 
But according to my experience, the danger of septicemia in this 
extremely simple operation may be excluded with certainty. 
One must set to work very awkwardly to lose any of the animals 
from that disense. 

In the experiments done without ligature of the gall duct, the 
results were also the less positive the less severe the operation, 
and the less the intestine was bruised and stretched by the 
search for, and dragging out of the duodenum. On this account, 
also, the experiment only succeeded occasionally when one 
contented oneself with opening the peritoneal cavity only to a 
slight extent, and with injecting the material, not into the deep 
lying duodenum, but into the loops of the small intestine which 
first came into view. Of 6 guinea-pigs which were operated 
upon in this manner only one died of cholera; the rest lived. 
Then the same experiment was made on 4 rabbits without one 
of them dying, or even becoming ill. 

Now though, by means of the injection of the comma bacilli into 
the duodenum in animals, a process analogous to cholera in man 
may be set up in the digestive tract, one must nevertheless 
allow that this mode of infection corresponds very little to the 
natural process. It is by no means a small matter to open the 
peritoneal cavity, and search for, and draw out the duodenum, 
in order to introduce the infective material into this part of the 


d into 1 
oret to force some through it. But I 
vinced i uyeelt very soon that this was quite impossible, and that the 
stomach would burst before the solid firm mass which distended 
it could be forced aside. The small intestine in guinea-pigs in 
contrast to the stomach is almost empty. The gastric contents 
are strongly acid, the mucus-like contents of the small intestine 
alkaline, while the contents of the cecum, which is very large in 
these animals, have again a markedly acid reaction ; so that itis 
only in the small intestine that an opportunity is afforded for 
the comma bacilli to grow and multiply. In order to find out 
something about the length of time which the ingesta take to pass 
the stomach and intestine, guinea-pigs were fed alternately with 
different kinds of food, as, for example, with carrots and hay. In 
animals which were killed in one to two hours after the change 
of food, one saw that the foods had not become mixed in the 
stomach, as occurs in digestion in man, but had been slowly 
pushed through it in layers, in the order in which they had been 
taken, so that on sharply defined dark green layer of hay 


















in ἃ resistant resting stage, like the anthrax spores. 
+ The next point was to enable sporeless bacteria, Ji 
comms bacilli, to pass through the stomach wmünjured. To 
render this practicable the fluid containing the bacilli was inade 
up in the form of pills and covered over with keratin, 

this experiment did not lead to a positive result other enveloping 
substances, which were insoluble in the stomach, were mae use 
of, such as collodion, caoutchouc, paraffin, and so forth ; but all 
in vain. 

Thereupon I tried to neutralise the acid reaction of the 
stomach, if only for a short time. At first those doses of the 
slkaline fluid were fixed upon which could be borne without any 
detriment to the animal. A 5 per cent. solution of carbonate of 
soda proved most suitable for our purpose, and-5 com. of this 
solution could be imbibed by the animals without causing any 
disturbance. If a specimen of the contents of the stomach was 
taken by a fine catheter, it was found in a series of experiments 
that the reaction was still alkaline after three hours. When 
we had made out this, we proceeded to feed animals, whose 
gastric contents had been thus made alkaline, with cholera 
cultivations, or to inject the same through a catheter directly into 
the stomach. In the first experiment 7 guinea-pigs were used. 
These received 5 ccm. of the soda solution, and some time 
after, so as not to bring the cholera bacilli into direct contact 
with the soda solution, 10 cem. of meat infusion in which 
cholera bacteria were growing. The animals remained quite 
lively after this. As later also no effect was apparent, they 
were killed after twenty hours, and the gastric contents, the in- 
testinal contents, and the contents of the cecum were examined 
with gelatine plates. In 6 of the 7 animals the cholera 
bacilli were demonstrated in the small intestine. The experi- 
ment was thus so far succeseful, that the comma bacilli ᾿ 
through the stomach uninjured, but without having produesd | 
disease in the animals. This experiment was performed ow 
again, but in this way: 2 guinea-pigs receiving a 9 per i 








I i EE es Incredible | 
internally to the animals without Boii ee 
Up 6o a bait past hia lover xig Bul its explanation 
in the distended condition of the stomach described previously. 
‘The dose of the tincture of opium which is given to the animal 
cannot come into action at once, since at first it remains among 
the masses of food which the animal has in its stomach, and is 
: only gradually absorbed. In consequence of this, an accurate 
dosing i is not possible, and I have therefore preferred to introduce 
° the material into the abdominal cavity of the animal by means 
of injection, which can be done in guinea-pigs very easily and 
"without danger. I use opium in the form of tincture of 
and in doses of 1 ccm. to each 200 grammes weight of tlie 
animal. Ins short time after this dose a deep nareosis ‘sets in, 
lasting from s half to one hour, after which the animal becomes. 
ss lively as before. 85 guinea-pigs were experimented em 
by the administration of the soda solution and cholers 
bouillon, with subsequent injection of tincture of opium. Of 
these, 80 died of cholera. The clinical symptoms and the 
post-mortem appearances were the same as in the guinea-pigs in 
which the injections had been made into the duodenum, and also 
in the one mentioned previously, which had died after the 
administration of the soda solution and the cholera bouillon 
alone. If the dose of the soda solution or of the cholera fluid is 
reduced, the result is not so certain. For example, 14 guinea- 
pigs were treated thus: they received 5 ccm. of the soda 
solution, and then a fluid to which only one-third of a drop of 
the cholera bouillon was added. Of these animals only 7 died of 
cholera, the remaining 7 remained healthy. Again, in another 
experiment, where the dose was still more reduced, there died 
only 7 out of 24 guinea-pigs. On the whole, up till now 85 
guinea-pigs have been infected in this way with cholera, and 
have died always with the same characteristic symptoms and 
post-mortem appearances. I shall only just mention, in addition, 
that the infective material was successfully transmitted from 
one animal to another. In the place of cholera bouillon the 
intestinal contents of a guinea-pig, which had died of cholis$ .. 














experiments with carbolic acid. The cholera bacteria were killed 
in a few minutes in a solution of 4 per cent. of carbolic acid. 
Also sulphate of iron, sulphate of copper, and other metallic salts 
are active, but not nearly so sure, since a more or less large 
quantity of them are precipitated by some of the constituents of 
the nutrient solution. This would naturally make itself felt in 
the disinfection of cholera dejecta, and therefore I give carbolic 
acid decidedly the preference. 

Lastly, I should like to draw your attention to an observation 
on the action of the cholera virus on man. 

The infection of those persons who have to do with cholers 
linen gives us, as already mentioned in our former conference, 
numerous experiences in this direction; and the last epidemic 
in France and Italy has afforded us many further examples. 
That an unintentional infection could occur through the mani- 
pulation of the cholera bacilli, was not therefore improbable, 
In consideration of this, every precautionary regulation possible. 
was employed to ward off this danger during the chole 
courses, which were held here in the Sanitary Institute. Bak  - 
spite of all our care one case of infection nevertheless oogugs 











upon ts opere lib rec ie erri 

“drank of ἰ καῇ pf thant fll ΠῚ ἀξ colore iH eae 
. Iam assured on special inquiry that almost no cholera pre- 
vailed at that time, and particularly at the place where the 
accident happened. Further, all the persons, who were familiar | 
with tbe Indian conditions, to whom this case was known, and | 
whom I asked about it, were in no doubt that these men had | 
really bosons ilio: sttseduause of. the tse ἀξ ΘΙ ΩΣ 
taminated with cholera dejecta. 

In our case of cholera infection observed during the cholers 
course, we had not to do with 6 wide-spread disease, but only 








within the borders of Germany the true cholera bacilli have been 
demonstrated in the dejecta of one suffering from cholerine. 

The medical man in question, whose name and residence you will 
allow me to omit to mention, had been in Berlin for eight days, 
when he became affected with a slight disturbance of digestion 
associated with diarrhea. The evacuations had a thin soupy 
appearance, and occurred several times daily, so that his con- 
dition caused him no anxiety. But on the last day of his stay 
more frequent thin watery evacuations made their appearance. 
Nevertheless he believed himself able to travel from here, did so 
and arrived safely home, and then sickened with a true attack of 
cholerine. He had for two days very frequent watery and colour- 
less evacuations, great weakness, unquenchable thirst, and the 
urinary secretions were reduced toa minimum. True cramp of 
the calves of the legs did not show itself, but strong contraction 
of the soles of the feet, and spasmodic flexion of the toes occurred. 
As he felt himself too weak to examine his own evacuations, he 
placed a small quantity in a well-cleaned bottle and sent it here. 
The vessel was sent off in the evening, arrived here on # ' 
following morning, and was at once examined. The payee] 
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the dying or dead bacilli. Confirming this idea is the fact that 
cultivations, which contain such bacilli, are not in the least more 
capable of resisting hurtful influences, such as dryness, heat, 
and chemicals, than the ordinary comma bacilli. Ceci himself 
has found out that his apparent spore-bearing bacteria were 
destroyed in a very short time if they were dried. Hence they 
could not have existed in a durable form. 

At this opportunity I may mention as curiosities that Klein 
has observed a longitudinal division of the cholera bacilli; and 
that according to Ferran the cholera bacilli belong to the cycle 
of development of a mould (peronospora). Both these supposed 
discoveries depend upon an erroneous interpretation of the forms 
of involution of the cholera bacillus. 

Though a true resting-stage of the cholera bacilli has not 
yet been found, and does not even appear to exist, we are already 
acquainted with other facts which may explain the passing 
slumber of a cholera epidemic, which may last months, some- 
times even a whole winter. Cholera bacilli, in contrast to their 
small capability of resisting dryness, can under certain circum- 
stances remuin capable of life in a moist condition for a leony 
time. It has been ulready stated by Nicati and Rietsch, that the 
cholera bacilli remained alive in the harbour water of Marseilles 
for 81 days. We found on testing old cultivations, which were 
grown in agar, that even after 144 days, choleru bacilli, stil 
capuble of development, were present. In an examination after 
175 days the cultivations were found however to be dead. Henee 
one can easily imagine that in superficial layers of earth, in 
marshes and so forth, the cholera bacilli may find conditions in 
which they can exist preserved from death for five months, or 
even longer, just as well, or even better, than on our moist 
agar jelly. 
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THE researches referred to were carried out by Dr. Lófler and 
Professor Schutz, and were an outcome of the experiments which 
the Imperial Board of Health were conducting for the determi- 
nation of effectual methods of disinfection. They promise to 
become of great practical importance not only for sanitary 
science but also on account of the definite knowledge obtained 
as to the essential nature of glanders. They indicate also the 
proper direction in which further researches should be carried on, 
as well as the preventive measures which may be adopted against 
this diseuse. I desire to publish in the following paper only 
those portions of the researches which may prove useful in 
assisting those who wish to pursue further the investigation of 
this subject. 

In the first instance search was made for definite forms of 
bacteria among the specific products of glanders contained in 
the so-called glanders nodules. Sections were also made of the 
lung, spleen, liver, and the septum nasi of a horse which had 
suffered from glanders, and after being treated by different 
staining reagents they were examined under the microscope. 
Fine rods about the size of a tubercle bacillus were occasionally 
found in those preparations which had been stained in a con- 
centrated watery solution of methylene blue and afterwards 
treated with a very weak solution of acetic acid, the water being 
extracted by alcohol and the preparations cleared in cedar oil. 
(See Plate VL, figs. 17, 18,19.) No other forms of bacteria were 
present in these specific products, and in order to ascertain 


and they always contained the one kind of bacterium. Such 
being the case, one was naturally induced to test these bacilli 
as to their causal relation with glanders by inoculation of 
healthy animals susceptible to the disease. When a successful 
result was obtained the cultures were further continued through 
four generations for one month, in order that the objection might 
not be raised that particles of the original material were present 
in the vaccinating fluid. On the 14th of October, a small 
quantity of this fourth cultivation, consisting only of the above 
described bacilli, was inoculated on the mucous membrane of 
the nose, and on the two shoulders of an old and apparently 
healthy horse. In forty-eight hours the animal began to show 
signs of high fever. At the inoculated spots deep ulcers were 
developed, from which knotted lymphatic cords extended to the 
nearest lymphatic glands, so that in about eight days after the in- 
oculation the horse exhibited the pronounced clinical appearances 
of glanders. In about four weeks the ulcers began to cioatzime, 
the glandular swellings diminished, and the animal appeared se 
much better that it became doubtful whether the 

which occurred after the inoculation were really due to glam 
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It was resolved therefore to kill the animal on the 25th of 
November in order to ascertain whether changes, due to glanders, 
existed in the internal organs. 

The post-mortem gave a very surprising result. There were 
found on the septum of the nose, and also in the posterior nares, 
numerous white striated nodules. In the lung there existed old 
fibrous and calcareous nodules, but fresh grey nodules surrounded 
by a red zone were also observed. At the root of the lung 
there was found a glanders growth of about the size of an apple, 
and we naturally concluded that the animal had previously 
suffered from glanders. It could not, therefore, with certainty 
be stated that the fresh eruption was caused by the artificial 
inoculation, and consequently the experiment could not be con- 
sidered absolutely conclusive. The fresh glanders material taken 
from this animal was employed for obtaining new cultivations, 
and these developed in three days transparent little drops similar 
to the previous cultivations, and contained only the above de- 
scribed bacilli. The same bacilli were found after treating with 
methylene blue the fresh glanders products taken from the dead 
horse. During November the fresh organs from another horse 
suffering from glanders were examined, and the same trans- 
parent little drops containing bacilli were successfully cultivated 
from the glanders nodules present in the liver. Again on the 
Ast of December, in a fourth case, cultivations were successfully 
made from fresh glanders nodules, and the result was in all 
cases the same. 

Rabbits, mice, and guinea-pigs were also successfully inocu- 
lated by pure cultivations of these bacilli. The action of the 
virus on rabbits was various. At the post-mortem examination 
of some of them only local ulcerations and swellings of the 
neighbouring glands were found, while others exhibited a perfect 
picture of glanders, such as ulcers on the septum nasi and 
glanders nodules in the lungs. The inoculation of white mice 
which are otherwise exceedingly susceptible to infective diseases of 
all kinds, gave negative results with these cultivations. On the 
other hand the inoculation of field mice gave satisfactory results. 
At the post-mortem examination of those animals which had 
died within eight days after the inoculation, the spleen and liver 
were found infiltrated with small yellowish-grev nodules, and in 
these fine bacilli were present. 






On the third or fourth day after the inoculation there 
developed at the seat of inoculation an ulcer with a. 







of the feet or at different parts of the skin, or even ulcerative 
processes in the nasal passages which led to perforation of the 
bone; finally, in some of the animals an acute general affection 
sppeared which speedily ended in death. The spleen and lungs 
were found to be infiltrated with innumerable submiliary grey 
nodules, which showed great resemblance to the miliary taberdle. 
They were distinguished from the latter by the fact that the 
tubercle bacillus could not be demonstrated in them by the © 
characteristic staining method. By other colouring materials, 
however, fine bacilli were found such as exist in the glanders 
products of horses. All these changes naturally pointed to 
glanders, because the same symptoms were observed in horses 
suffering from that disease. Among other symptoms may be 
mentioned the metastasis to the testicles, and the osteo-myelitis, 
which has chiefly its seat in the ribs. The cultivations from all 
these organs, testicle, spleen, lung, &c., produced always the 
same pure cultivations, identical with “those which had been 
obtained from the different organs of four horses suffering from 
glanders. 

Although it was highly probable that the above described 
bacilli were the cause of glanders the decisive test by the inocu- 
lation of horses with the pure cultivation had yet to be performed. 
Accordingly two healthy horses were procured, one about 20 and 
the other about 2 years of age, and they were both inoculated oa 
the 28th of November with pure cultivations of bacilli. 

The material employed for the elder animal was the eighth. 
cultivation in succession of the pure cultivation obtained om tie: | 
14th of September, and had been grown for ten weeks outside £i 












* lowish white almost fluctuating nodules about the size of a p 
. er bean. The axillary and inguinal glands were swollen and - 
infiltrated by the aforesaid yellowish deposits. Ulcers 
sinuous margins were seated on the mucous membrane of 
septum nasi and turbinated bones. In the margins and 
- bases of these ulcers there were found small yellowish or grey 
nodules. The submaxillary glands contained nodules about 
the size of a bean or hazel-nut, and were infiltrated with 
yellow deposi . An ulcer about the size of a sixpence with a 
rained margin was discovered on the anterior surface of the: 
. epiglottis. Numerous nodules about the size of a millet seed of 
pes were found in the lungs, the smaller ones 8 ὅτ 
turbid centre surrounded by a reddish ares. .Nodules of various 
sizes consisting of a yellowish white pulpy mass were found 
imbedded in various muscles of the body. Since the result of 
the experiment was a decisive one in the elder animal, and as 
the younger one was showing distinct signs of failing health it 
was killed on the 18th of December. 

A post-mortem was directly made, and the following changes 
were observed :—At the inoculated spots there were large ulcers 
secreting 8 thin yellowish-white fluid. The ulcer on the bridge 
of the nose was about the size of half a crown and extended 
to the periosteum of the upper jaw and nasal bone. The ulcer 
on the forehead was somewhat smaller and its base was covered 
with blood clots. Several little ulcers were also discovered 
on the skin of the right hind thigh, and one was found on 
the skin of the penis. From the ulcers formed in the upper 
part of the neck thick knotty lymphatic cords could be felt ex- 
tending down to the swollen shoulder and axillary glands. The 
nodules, which lay partly in and partly near the lymph vessels, 
contained 8 pus-like fluid, and the glands themselves were about 
the size of a hen’s egg, soft and infiltrated with little yellowish 
grey deposits. From the ulcers which had formed on the 
breast the ulceration extended deeply into the subcutaneows 
tissues and muscles, and several lymphatic cords about the - 
thickness of & quill extended as far as the axillary glas 
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These glands wero about the size of a walnut, and contained 
yellowish white deposits as large as 8 millet seed. The ulcers 
situated at the inoculated spots in the vicinity of the flanks were 
flat, and the contiguous tissue was infiltrated with a turbid 
fluid. The lower extremity of the right hind thigh was swollen, 
especially near the ulcers which had their seat on the external 
surface of the tarsus. The glands in the right groin, the size of 
a hen's egg, were soft and fluctuating, and of a reddish colour. 
The glands in the left groin were similarly affected, but of a 
smaller size. The subcutaneous tissue of the penis had a 
gelatinous appearance, and the lymphatic glands were enlarged. 
The ulcer situated on the penis extended deeply into the sub- 
jacent tissue. The right sterno-cleido-mastoid, the pectoralis 
major of each side, the abdominal muscles, the left gracilis, and 
the right semimembranosus contained several large cavities 
which were filled with a yellowish white turbid fluid. The 
cavity situated in the semimembranosus was about the size of 
the fist, and contained in addition to the aforementioned fluid a 
necrosed piece of muscle about the length of a finger phalanx. 

The mucous membrane of both sides of the nose was studded 
with grey and yellowish nodules and numerous ulcers. The 
ulcers arising from the breaking down of the nodules were full 
of fresh nodules lying on the base and under the excavated 
margins, and the mucous membrane surrounding them was 
of a reddish colour. The most severely attacked parts were the 
margins of the turbinated bones and the upper portions of the 
posterior nares. No ulcers were found in the pharynx, larynx, 
trachea, or bronchial tubes. The submaxillary glands were 
about as large as a walnut, tough and movable. On section 
they were found to be of a reddish colour, and infiltrated with 
several yellowish white deposits. In the lungs six nodules the 
size of a millet seed were found, showing a grey centre and a 
reddened periphery, and the parenchyma of the lung surrounding 
them was tough and moist. The anterior mediastinal and 
bronchial glands were enlarged, soft, and engorged. The spleen 
was somewhat cnlarged, and its parenchyma was soft and dark 
brown. The liver, kidney, heart, and all the muscles of the 
body appeared congested. 
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INTRODUCTION. 


“Ἢ. Kocu, in his investigations on the otiology of traumatic 
infective diseases, has discovered a number of diseases in animals 
which have in some respects an unmistakable likeness to the 
surgical infective diseases of man. The diseases which Koch 
induced experimentally in animals differed in a very important 
manner from those described by former experimenters, more 
especially in that they ran a typical course, and showed their 
specific nature by the regular reproduction of the definite 
symptoms. Koch has further demonstrated, by the aid of 
entirely new methods, that each of these diseases is caused by 
a definite microbe which always with certainty reproduces the 
disease whether it has been inoculated directly from animal to 
animal, or has first been cultivated on a dead nutrient soil for a 
number of generations. Thus we have become acquainted with 
a septicemia of mice, a progressive necrosis of the tissue in 
mice, ἃ progressive abscess formation in rabbits, a pyemia and a 
septicemia in rabbits, and have seen how each of these diseases 
is caused by a distinct microbe. At a later period there has 
been discovered in addition a bacteric septicemia of rabbits, 
mice, birds, &c., a malignant oedema, &e. I will, however, only 
remind the reader of these facts, I do not propose to discuss the 
far reaching discoveries of Koch and his scholars in this place ; 
they have attracted the attention due to them, and I must tako 
it for granted that they are well known to each of my readors.* 


* Seu Investigations into the Etiology of Traumatic Infective Diseases, By Dr. Robert 
Koch. Translated by W. Watson Cheyne, M.B., F.R.C.S. London: The New 


Sydenham Society. 1880. 


ini ot τὰς ὡς ns eine ih hs 
come before us in practice. But with regard to th 
“Misensce οἵ προ ιν hich have, Joes apace r 


important advances have been made." 


I.—METHOD OF INVESTIGATION. 


After recalling the three points which according to Koch 
should be made out, if possible, in every case of infective disease 
before the conclusion is drawn that a particular microbe is the 
cause of the disease (viz., that the bacteria in question are 
present in the affected parts in sufficient numbers to account for 
the disease, that they can be cultivated outside the body, and 
that after being thus separated from the morbid material they 
reproduce the disease when reinoculated into animals of the 
same species), Rosenbach goes on to say, in regard to septie 
diseases in the human being, '* The two first conditions can be 
carried out in the case of man as well as in the case of animals. 
The reinoculation experiment has indeed been also carried out in 
exceptional cases, as in erysipelas and gonorrhes, but as s rule 
this link in the chain of evidence must be omitted. In spite of 
this, however, in those cases where the disease can be 


duced in the lower animals, as in tuberculosis and erysipelas, the . 


experiment is quite convincing; and this is still the case even 
whera fhoeseetdondnathe animals is more or less aborti 
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‘the result of clinical experience, the 
studied from the experimental side. In an experi: ᾿ 
on acute suppurative osteomyelitis I have, as the result of investi- 
gations on the medulla of bone, been led to propound the view 
that every spontaneous suppurative phlegmon occurring in con- 
nection with wounds, indeed every inflammation in wounds 
passing beyond the degree necessary for repair, is caused by 
ferments (micro-organisms) which have penetrated into the 
wounds." 

Then follows a short historical sketch in which reference is made 
to the works of Kocher, Uskoff, Councilman,* Pasteur,t Doléris,t 
Ogston,§ and myself || Of these researches the most important 
is Ogston's, who was the first to demonstrate the constant 
presence of micrococci in acute abscesses. He further pointed oat 

* Virchow's Archiv, vol. xcii. p. 217. 

+ Bulletin de Acad. de Med. 2 Bér., Tome vil., 1878, p. 447. 

1 La fievre puerpérale et les organismes inférieurs, Paris, 1880. Ballibre et fil, 

§ ^ Report on Micro-organiams in Sargical Disease," Brit, Med. Jvurnal, Mazsh f 
Neto aod eologist vol. eire big] M δι ond Pii 

||" Relation of Organisms to Antiseptic Dressings,” Trans. Path. Soe, vol, xs. 


Bee also “ Report on Microcood in relation to Wounds, Atwonsscs, and Beptig 4 
cesses,” Brit, Med. Journal, Beptember and October, 1884. mi 














** As the result of cultivations from the pus of thitty 


waged 
acute abeceases I found five different kinds of microbes. "I dg 
' were, in addition to the organisms of pus, bacilli, spirifia and 


Ihave never again found this microbe in unopened abscesses. 
However, Ogston also speaks of similar oval cocci in pus, and 
this organism reminds me more especially of Pasteur's microbe 
pyogénique. The organism which I have most frequently found 
is a micrococcus which occurs in pretty large groups, or, according 
to Ogston, in masses of the appearance of fish roe or of bunches 
of grapes. Iwill here adopt the name of staphylococcus proposed 
by Ogston, not, however, as the name of only one kind but fora 
group which as yet seems to consist of two different kinds. These 
two varieties are so similar in their mode of growth, their micro- 
scopic form, their mode of grouping, and their effects on animals, 
that it would be difficult to distinguish them were it not that 
they are at once recognizable by producing different colours when 
cultivated. The most common kind produces golden yellow, 
opaque colonies; the other white but also opaque masses. This 
difference in colour is constant through any number of genere , 
tions and on soils of the most different kind—agar jelly, potatoes, ' 
blood serum, egg albumen, meat with or without air, &o. Into= | 
these two kinds not uncommonly occur together, and peo! 

more often than I believed at the commencement of these # 





worm 


E 





becomes gradually of a dark orange colour. On 

serum it grows rapidly, at first of a faint yellow 

ofa darker hue. It also grows well on potatoes. 

the air the cultivation gradually dries up, loses its 

z becomes more difficult to inoculate, without however, ' 

$c year (in one case), completely dying out. Without'air 

its vitality for a long time. Microscopically it is a 

coccus, quite spherical in shape. In young n 

x : eoe lie very regularly imbedded in a ground sibstines il 
present a very pretty picture (fig. 80, Plate VIIL). This is their | 
only mode of arrangement. The very young cocci seem to me 
to be smaller than the-older ones, and in old cultivations different 
sized forms are present (fig. 31, Plate VIIL). Injections of eulti- 
vations of this organism are very deleterious to animais (rabbits, 
dogs). After the injection of about ‘5 grammes of a mixture of 
the cultivation with water into the knee or pleural cavity, rabbits 
are commonly found dead next morning. If they are still alives 
very severe inflammation developes. When these organisms are 
injected into the knees of dogs, the animals generally survive, 
but an abscess quickly forms. On dead putrescible soils this 
microbe does not cause putrefaction, whether air be present or 
not. Nor does it produce any gas, or only very slight traces of 
it. Ihave cultivated them in large quantities on egg albumen 
and boiled beef at a temperature of 30? to 35° C. in vacuo, in flasks. 
The waterhammer test can still be got, even after the lapse of 
years. Nevertheless, the meat as well as the albumen break up. 
I have examined such a flask, (in which the egg albumen had 
become entirely broken up,) for pepton by boiling the fluid, filter- 
ing it, boiling with oxide of lead and removing the lead by means 
of sulphuretted hydrogen. The remaining fluid contained large 
quantities of pepton.” 
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the characteristic smell of osteomyelitic pus. Over the abdomen 
there was a flat collection of pus above the fold of the groin. The 
lungs were normal, with the exception of diffusely scattered dark 
points. Pleura, peritoneum, heart, kidneys, and liver were normal; 
spleen dark but small. On F. P. A. inoculations were made from 

“1. The dark coagulated blood from the right ventricle. 
Result: pure cultivations of the white staphylococcus, which were 
further cultivated through three generations. 

** 2. The blood of the left ventricle. Result: staphylococcus 
albus with impurities. 

** 8. The purulent infiltration on the abdominal wall. 

“4, Pus from the knee. The result in both 8 and 4 was a 
luxuriant growth of staphylococcus albus. 

** The cultivation result (the pure cultivation of the original 
coccus) in both these experiments shows that the pathological 
changes were due entirely to this coccus. The cultivation from 
the pus in the abdominal wall shows that these organisms can 
pass along the lymphatics, just as we sec in man lymphatic 
abscesses following peripheral suppurations. Finally, the culti- 
vation from the blood shows that the organism can pass into the 
circulation." 


c. Micrococcus pyogenes tenuis. 


“T have given this name to a microbe which is apparentiy 
only scldom found. I have seen it three times: in each ease i 
was uninixed with other forms. — At first however it escaped my 
observation, because its colonies are so delicate as to be hardly 
visible (hence the name which I have given to it). This miero- 
coceus is essentially different from both the foregoing. — In the 
cultivations, the cocci lie together in very small numbers, and are 
not arranged in definite groups. 1 have, it istrue, not seen them 
in the tissue, but I do not think that they can be placed amonz 
the staphylococci. On agar there forms around the line of inocu- 
lation quite thin deposits, almost as transparent as glass, which 
look as if one had surrounded the line of inoculation for about 
the breadth of a millimeter with a very thin layer of transparent 
varnish. When inoculated by plunging the needle into the jelly, 
and more especially when the organism grows between the glass 
and the jelly, it grows more luxuriantly, und forms a somewhat 
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border is again somewhat thicker, and has often a wavy, dotted 
appearance, produced by the formation of little heaps of cocci; 
not uncommonly, also, one sees new points appearing around 
the border. On further growth a still flatter terrace forms 
around the first border, and this eventually becomes surrounded 
by a third, and so on. On the whole the growth of the cultiva- 
tion is slow, and in two or three weeks reaches a maximum 
breadth of 2to8 mm. The older the culture the more difficult 
it becomes to reinoculate it. . . . It grows well on solidified 
blood serum, and in the same manner as on agar agar. It does 
not cause liquefaction of any of these soils. In airless vessels 
it quickly breaks up egg albumen and beef without the produc- 
tion of any foul smell, or of any marked amount of gas; it 
leads to the formation of large quantities of pepton. 

** At the first glance the cultivations of this organism seem to 
be very similar to those of the micrococcus of erysipelas. The 
latter has often the tendency, though to a much less marked 
degree, to the formation of flat rings, the borders of which are, 
however, decidedly thicker and more irregular, and the colonies 
are whiter and more opaque than in the case of streptococcus 
pyogenes. On further growth of the streptococcus erysipelatosus 
there is a marked formation of processes often to such an extent 
that the culture acquires a dendritic appearance resembling a 
fern leaf, while that of the streptococcus pyogenes resembles 
rather the leaf of an acacia. When inoculated by plunging an 
infected needle into the substance of the jelly the erysipelas 
organism forms whitish yellow masses; the growth is somewhat 
more marked than that of streptococcus pyogenes. . . . Micro- 
scopically cultivations of the erysipelas organism show similar 
coils and network arrangement to the pyogenic one, but some- 
what better marked. The chains, as well as the individual cocci, 
secm also to be somewhat largor. . . . 

* Rabbits are not seriously affected by the streptococcus 
pyogenes. Injections of cultivations on agar agar diffused in 
water caused the formation of abscesses, inoculations of agar 
cultivations into a small pocket of the skin caused a local 
inflammatory nodule. Mice are much more sensitive. I have 
scen two out of six mice die of progressive suppuration on the 
third and fourth days after introduction of a minute quantity of 
the culture into a small skin wound... . 
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‘* I have thus mentioned and described the characteristics of 
the cocci which I have found in unopened abscesses. The 
question naturally arises whether these different microbes have 
different actions; whether one can find any difference in the 
clinical symptoms of abscesses and suppurations according to 
the species of microbe which has caused them. Undoubtedly 
there is a difference, and I have not unfrequently been able to 
diagnose the micro-organisms from the clinical symptoms.” 


III.—CLINICAL DETAILS OF THE CASES OF ACUTE ABSCESS EXAMINED 
WITH THE MIOROBES FOUND IN EACH. 


Rosenbach had notes of 26 cases, in which the result was as 
follows :— 


a. Staphylococcus aureus (with or without albus) 


was found in the following :— 
1. Abscess of the scalp following eczema. 
2. Prepatellar abscess. 
. Submental abscess of 8 days’ duration. 
. Submaxillary abscess (glandular) of 8 days’ duration. 
. Deep acute subfascial abscess at lower end of radius. 
. Abscess of submental glands after eruption in mouth. 
. Abscess of mamma of 14 days’ duration. 
. Abscess of crural glands, after a graze over the internal 
malleolus 4 weeks previously. 
9. Prepatellar abscess. 
Also in two cases of furuncle of the upper lip, one of them 
having been opened before the commencement of suppuration, 
after 2 days duration. 


Qo -1 δὴ Qv i» CO 


b. Streptococcus alone in 


1. Subcutaneous phlegmon over the knee after graze of skin 
7 days previously. 

2. Abscess of axillary glands after graze of the thumb. Thin 
creamy pus obtained. Of 8 days’ duration. 

8. Deep-seated abscess of the upper arm after graze of the 
back of the hand, of 8 days’ duration. 
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4. Large abscess, with much inflammation, at the angle of 
the jaw. Swelling had lasted for 3 weeks. 

5. Abscess of prejugular glands after scarlatina. Several 
glands inflamed, but only these suppurated. 

6. Deep-seated abscess of the shoulder. Painful for 11 days 
before the swelling was noticed. 

7. Abscess, with much inflammation, at the inner side of the 
knee, of 8 weeks’ duration. Very little pus. 

8. Small lymphangitic abscess of the hand. 

9. Abscess of glands at angle of jaw. Great induration. Of 8 
days’ duration. 

10. Lymphangitic prepatellar phlegmon after graze over 
knee. 

11. Lymphangitic abscess of the arm with marked inflam- 
matory induration. Healing slow. 


e. Staphylococcus and Streptococcus together. 


1. Lymphangitic abscess at the upper and inner part of the 
upper arm after frequent scratches and pustules on the hand. 
Of 8 days' duration. 

2. Acute spreading suppuration after excision of the shoulder. 
Slow recovery. Fever did not subside till 12 days later. 

39. Extensive inflammatory induration of neck yielding turbid 
serous fluid when opened. — Streptocoeci were most humerous. 


d. Micrococcus pyogenes tenuis in 


Large abscess at upper part of thigh. Svmptoms not severe 
(no elevation of temperature, reddening of skin, &c.), though the 
abscess formed rapidly. 


IV.—rPUS FROM CHRONIC ABSCESSES. 


Ogston came to the conclusion that the pus of chronic abscesses 
did not contain micro-organisms.  hosenbaeh says: “1 have 
already in my work on Osteomyelitis (1878) expressed the 
opinion, to which I was led by observations in the clinique here, 
that all the so-called chronic (fungous) inflammations of bones 
which were not the residua of acute inflammations, even though 
of but little intensity, were due to tuberculosis; naturally one 
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observed in connection with cysticercus cellulose, observations 
which led Prof. Leber* to the conclusion that the cysticerci 
excreted an irritating substance, Rosenbach goes on to say: 
** Although in the two cases mentioned micro-organisms could not 
be found, I nevertheless hesitate to ascribe the inflammation to 
the parasites (echinococci) as such, for on the one hand echi- 
nococci can exist in the body for a long time without causing 
suppuration, indeed they may die and become converted into a 
gelatinous mass without the oecurrence of suppuration, and 
on the other hand, because on opening the abscess microbes 
were not found, it does not follow that at some time or other 
they were not present and did not die out later. The following 
investigations on sepsis will show that there are bacilli which 
may cause suppuration and then very quickly die. In some 
cases of suppurating hydatid cysts bacilli have in fact been 
observed, while in other cases the presence of a foul smell shows 
that microbes, probably belonging to the class of bacilli, have 
been at work. Undoubted cases of pus formation without micro- 
organisms are only known to me as the result of experiments on 
animals." He then goes on to refer to cases of suppuration 
resulting from the injection of turpentine oil and metallic 
mercury. 


VI.—CULTIVATIONS FROM THE PUS FROM EMPYEMATA. 


1. Child. 6 vears old. Taken ill 14 days previously. Large 
empyema on the right side; heulcd in 5 weeks after it was opened. 
Gare pure cultivations of staphylococcus pyogenes aureus. 

9. Empvema after pistol shot wound of lung in boy aged 15. 
Antiseptic dressing applied. Five days later cliest opened and 
a litre of stinking fluid blood evacuated containing a microbe 
not previously known to Rosenbach. Fight days after the injury 
the discharge was thin and without smell, and 5 days later it 
was purulent and contained staphylococcus pyogencs albus and 
aureus, and also another yellow coccus. 

8. Child. 8 years old. Ill for 2 weeks. Large quantity of 
pus. Rapid healing. Pure oultivation of micrococcus pyogenes 
tenuis. 


* “Ucher dic Wirkung von Fremdkirpern im Iunern des Auges," International 
Medical Congress, London, 1881. 
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thumb. Symptoms severe, and erysipelatoid. An incision was 
made seven days after the commencement of the affection, and a 
little turbid, serous fluid, with small whitish flakes, was evacu- 
ated. Pure cultivation of streptococcus pyogenes. Cultivations 
made from the blood remained sterile. 

7. Penetrating wound of the knee in a child. Suppuration 
had been going on for some time before the child was seen, and 
the tissues around were much inflamed. Cultivations gave both 
streptococcus and staphylococcus. 

8. Suppuration after comminuted fracture of the patella and 
suture of the bone antiseptically. Both staphylococcus and 
streptococcus. 


VIII.— DIFFERENCES IN THE CLINICAL COURSE OF THE INFLAN- 
MATIONS AND SUPPURATIONS CAUSED BY THE DIFFERENT MICROBES. 


' The frequeucy of occurrence of the different organisms 
in the foregoing cases was as follows :— 


Staphylococcus alone ............. .......... νον 16 times. 
Streptococcus alone ........................... 15 times. 
Staphylococcus and streptococcus together. — 5 times. 
Micrococcus pyogenes [ΟΠ 15. εν ννν εν νον κεν νον 9 times. 


** [In the ease of the simple ubseesses there is no constant or 
striking difference. This is not to be wondered at, for abscesses are 
for the most part only seen when they are already fully formed. 
Then, however, the invasion—the true disease—is past. If, on 
the other hand, we look at the phlegmons, we notice differenees 
which correspond closely with Ovston’s observations. The three 
cuses of phlegmon, which were caused by streptococcus alone, 
arc marked out by a, so to speuk, crysipelatoid character. This 
was best seen in Case 5. At first crysipelas was diagnosed, but 
six days later it was necessary to make an incision, and then the 
inflammation subsided without marked suppuration. Case 4 
also showed erysipelatoid swelling with marked constitutional 
symptoms, but comparatively little formation of pus or necrosis 
of the tissue. Case 6 had the same characters. Redness and 
slight swelling, which I at first diagnosed as lymphangitis, 
existed for scven days, and then an incision was made and only 
a few drops of turbid fluid evacuated. Also among the 
empyemata that caused by streptococcus is peculiar; here also 
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characteristic. These organisms may also occasion violent and 
spreading inflammations, which may possibly show an acute 
character, but at any rate much more easily and quickly tend 
to the formation of pus. The staphylococci appear to have 
considerable power of penetrating into the living tissue, but 
much less than the streptococci of growing through and living in 
it without causing its destruction. 

** Micrococcus pyogenes tenuis seems to me to have only a local 
pus-forming character, while it excites but little fever, and that 
at the commencement, and hardly at all phlegmon. We see it 
in Case d (III.) occurring alone in an enormous abscess in a little 
child. The course must be described as very harmless. It 
also occurred alone in two empyemata, and both of these were 
without fever, at least in their further course. One healed 
rapidly; in the other, the fatal termination was due only to 
the complications." 


IX.—Here follows & paragraph on acute osteomyelitis, which 
has of late been ascribed by Loeffler, Becker,* and others,+ to 
@ specific micrococcus producing a yellow colour, this organism 
being supposed to be confined to acute osteomyelitis, and 
to be different from those found in other suppurations. s 
the result of his elaborate observations, however, Rosenbach 
comes to the conclusion that this organism is none other than 
the staphylococcus pyogenes aureus previously described, and is 
not confined to acute osteomyoelitis. Ile has examined 15 cases 
of osteomyelitis, and found staphylococcus pyogenes aureus 
present alone in 12 cases, in 1 mixed with staphylococcus 
pyogenes albus, and in 1 with streptococcus pyogenes. In the 
15th case, which was also quite typical, he found staphylococcus 
pyogenes albus alone. liosenbach has compared the behaviour 
of the coccus of acute osteomyclitis obtained from the Imperial 
Sanitary Institute in Berlin (Loefiler) with the staphylococcus 
pyogenes aureus obtained from the 2 cases of furuncle before 


* Deutsche Med. Wochenschrift, No. 46, Nov. 14, 1883. 

T * Uber einen bei der acuten infectiósen Osteomyelitis des Menschen vorkommenden 
Mikrokokkus,” by Fcodor Krause, Fortschritte der Medicin, Nos. Τ and 8, 1284. Krause 
found this orange micrococcus in a number of cases of osteomyelitis, and he also 
found it in three cases of carbuncle of the neck. He also examined twelve acute 
abscesses, and found streptococcus pyogenes in all of them. In all the cases but one it 
alone was present ; in the exceptional case it was mixed with staphylococcus pyogenes 
albus,—. e 
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inquire further as to the nature of the disease. The introduc- 
tion, experimentally, of putrefying materials into the tissues of 
animals furnished a direct proof of the connection between the 
two by causing in the animals affections similar to those seen in 
man, and which were also called septhemia, sepsis, and putrid 
intoxication. But very soon there were added to these experi- 
ments the very important results obtained by Panum and others, 
which very greatly complicated the existing views. Fermenta- 
tion and putrefaction had been ascertained to be processes set up 
and carried on as the result of the vital action of lowly organisms, 
and as a consequence similar organisms were held to be at work 
in sepsis in the living tissues ; but the researches to which I have 
just alluded showed that strictly analogous septic affections could 
be experimentally induced in animals by the injection of boiled 
putrid fluids—that is to say, without the action of living organ- 
isms. Our knowledge of these active inanimate septic materials 
(the sepsins, ptomaines, &c.) has made marked progress at the 
present time. Several different materials of this kind have been 
obtained, partly from putrefying materials, and partly from the 
bodies of patients which have died of septic affections, although 
we are just commencing to gain a more minute knowledge of 
these bodies, of their chemical constitution, their toxic ettects, 
their connection with definite microbes, &c. On the other hand, 
Koch and his pupils have experimentally become acquainted with 
forms of sepsis which are of quite a different nature. They con- 
sist in infection bv specifie microbes, which, when inoculated 
even in the minutest quantities, rapidly multiply and invade the 
whole body. These are typical diseases which end fatally, with 
definite symptoms recurring in every case. When Koch applied 
the term sepsis to these discases he did so quite correctly, for the 
original infeetive material was a. putrid one (putrid blood, &c.), 
and, in contradistinction to py:emie affections, it acted on the 
tissues without causing suppuration. Hence it is at once appa- 
rent that if we, with Gusscnbauer, refer the etiology of sepsis to 
the absorption of products of putrefaction, it is possible that 
there may be different kinds of noxious agents. It is, for 
example, quite conceivable that among the multitudes of miero- 
organisms present in a putrid wound, just as in the foul water 
which Gaffky injected into animals, there may be present one or 
several which are capable of multiplying in the living human 
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fulfilled by the presence of other organisms (for example, the 
pyogenic cocci), which use up the oxygen, or during the death 
struggle, or after death itself. Hence it is evident that Doléris 
has not found a septic bacillus which plays even in a slight degree 
& róle such as that played by the bacilli of mouse septicemia, 
&ec. If his bacilli cannot penetrate into the body during life, if 
the pyogenic cocci must prepare the way for them, if the pre- 
sence of ἃ mass outside the blood constantly supplying fresh 
bacilli is necessary, then, as far as regards the action of these 
bacilli, his cases can hardly be reckoned as other than cases of 
ptomaine poisoning. Naturally it is quite wrong at once to 
identify with the vibrion septique the various bacilli found in 
septic putrid deposits in man. At the present time I am of 
opinion that the etiology of the symptoms which clinicians group 
together as sepsis i8 not a simple one, nor is it always the same, 
and it is certainly not to be found in the existence of one definite 
pathogenic bacillus. The following investigations also will show 
that the symptoms which are usually as yet designated clinically 
as sepsis may be produced by the pyogenic cocci, where they 
penetrate rapidly and in large numbers without the production of 
metastases, by certain bacilli which spread progressively, as those 
of malignant «edema or of spreading gangrenous emphysema, also 
by organisms which do not spread into the living tissue, or at least 
not much further than the surface, but attaek the body by the 
formation of ptomaines, peptonizing ferments, fibrin ferment, 
&c. It may perhaps be possible for a future generation to analyse 
the etiology of such cases when the knowledge of the symptoms 
peculiar to the organisms in question, to the ptomaines and 
ferments, are fully known. As yet we can scarcely venture to 
diagnose in any particular case even the two extremes— pure 
intoxication or pure infection. On the other hand, we now know 
a large number of pathogenic eflects, caused by micro-organisms, 
which differ fundamentally from each other, and which we must 
bear in mind in our further discussions on the etiology of septic 
diseases. At first, in the case of the specifie infective diseases, 
and of those belonging more especiully to the department of 
medicine, such differences in the pathogenie results were 
explained by the view, now firmly rooted, that a distinct microbe 
corresponded to each one of these typical diseases. But in the 
non-typical wound diseases, to which the greater part of those in 
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body—invading property. We shall become acquainted with 
such microbes which penetrate into the surface of the living tissue 
and then die. 

“8. Others can continue to live in the tissues for a shorter 
or longer time, even for the life of the host, as in syphilis, tuber- 
culosis, &c.— parasitic property. 

“4 They may spread slowly or quickly in the living tissues. 

** 5. They may spread slowly or quickly in the tissue, or even 
over the whole body (diablastic property) as in bacillary or 
bacteric septicemia, anthrax in mice, acute glanders, &c. 

'*6. Locally the microbe may cause ἃ simple inflammatory 
affection as the result of its spread, as, for example, in erysipelas ; 
hyperemia, migration and exudation with formation of vesicles, 
sometimes even with fibrinous contents. (This is by no means 
& necessary accompaniment of the growth of bacteria; in the 
bacillary sepsis, for example, the tissue remains almost without 
inflammation.) 

'* T. A frequent property is that of causing suppuration, ἃ 
property also common to certain acrid poisons (turpentine oil) 
—pyogenic property. 

' 8. It may happen that as the result of the specifie action 
of the microbo on the tissue the latter may die—gangrenous 
action, as, for example, in Koch's progressive gangrene in mice. 
Nutural I do not include here those cases where, owing to 
unfavourable conditions, a piece of thin cutis dies as the result 
of an erysipelas or a phlegmon. 

" In connection with these statements and with what fol- 
lows I should like to recall some well-known facts with regard 
to other conditions which affect the course of a bacterial disease. 
In the first place I would mention the attenuation or increase 
in virulence of bacteria, a fact definitely made out by Pasteur 
and Koch in the case of anthrax. Further, there are conditions 
which, apart from the properties of the micro-organism, concern, 
for example, only their number—cumulative action. In the second 
place, the individual predisposition of the infected organism plays 
one of the most important roles. This has been definitely made 
out in certain internal diseases, such as measles, scarlatina, &c. 
And I believe that these conditions are also very important in 
regard to the non-typical infective diseases to which I am now 
referring." 
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Bacillus saprogenes No. 2 was a second putrefactive organism 
which Rosenbach obtained from foul-smelling feet. (See fig. 87, 
Plate VIII.) The foul smell it produced was not quite so intense 
as in the case of No. 1, but it was equally disgusting. 
Without air its putrefactive action on albumen was more 
marked than in the case of No. 1. Nevertheless it did not 
at all equal the result obtained when air was freely admitted. 
Nor was it so harmless to rabbits; it had decided invasive 
and pyogenic properties. 

Rosenbach has also investigated the cause of the putridity in 
carious teeth, and is inclined to refer it to small micrococci, 
which will not grow in air, but are anaérobic (fig. 37, Plate 
VIII.). 

He then gives two cases of apparent sapremia in man, in con- 
nection with which he found another bacillus, which he terms 
bacillus saprogenes No. 8. 


“1. J. Ebeling, 61 years old, was severely injured by a stone falling on him 
four days before his admission into the ward, and he was brought in with only 
8 splint on. The injury was seventy-two hours old before antiseptic treatment 
was begun. There was a compound fracture of the upper part of the left tibia. 
The finger passed forwards and inwards through a lacerated wound to the head 
of the tibia, which was completely broken up, and hence through the frayments 
into the knee joint. There was also a simple fracture of the thigh : thigh ani 
lez were much swollen as far as the groin. The seat of fracture was exposed by 
a free incision, the various fragments, which were already discoloured, were 
removed, the little bits of bone washed out, upper end of tibia trimmed with 
bone forceps, free drainage arranged for behind, and the whole very carefully 
washed out with carbolie acid and sublimate solution, and then powdered with 
iodoform., An incision was then made over the fracture of the femur, to make 
sure that it did not communicate with the knee joint. In the evening there was 
fever, On the following day, Isth April, the dressing was changed ; no putrid 
smell, Two days later. 20th April. the wound stank: high fever. On the 2): 
the thigh was amputated at its upperthird. 23rd April. general condition much 
improved: the temperature had fallen, 24th April, temperature elevated again. 
patient quite delirious; stump putrid, was disinfected. 25th April. high fever. 
patient delirious : a specimen of blood. taken with various precautions, was sown 
on azar agar. Only in one of the tubes, and that not at the seat of. imeenlation. 
there grew a large bacillus... which I look on as an accidental impurity. 
20th April, patient constantly delirious, shouts out when touched, high fever. 
Ac. The stump does not smell. but. pulpy necrotic portions of tissue are now 
separating. 30th April. died in a state of high delirium. On. post-mortem 
examination the wound was full of thick yellow pus mixed with oil elobules : 
heart fatty. flabhby. brownish red: on cutting through an old adhesion of the 
lung a considerable quantity of clear reddish fluid was evacuated. In the chief 
artery of the left lung there was a large embolus, which extended towards the 
lower lobe. Microscopically the heart showed brown pigment in the nuclei, and 
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former case (Ebeling). A few colonies of staphylococcus pyogenes 
aureus also appeared. 

“Ἱ have thus obtained pure cultivations of three putrefactive 
organisms (of a fourth also imperfectly) which came from dif- 
ferent sources, and had different properties. "While one of them 
was very innocent as regards the living tissues, the other two had 
invasive and pyogenic, and probably also toxic properties; but 
they were not at all parasitic, much less diablastic. Before I 
pass on to discuss the role which the latter bacilli could probably 
play in the production of septic disease, I must mention another 
observation which I made in the first case (Ebeling), viz., that 
no development occurred in agar agar inoculated from the 
blood, although it was taken at the height of the disease, not 
long before death. I may add yct another analogous observa- 
tion :— 

*W. Mook, 51 years old, a day labourer, had suffered for four days from 
irreducible femoral hernia, which had previously been kept up by a truss, with 
symptoms of pain, vomiting, &c. For the last two days there had been no 
evacuation. January 22, 1884—Hernia very tender, skin over it red. Herniotomy: 
dark, distinctly turbid fluid in the sac. The loop of intestine was of doubtfr: 
appearance, dark red, slate-coloured on the convexity, with some yellow points: 
site of strangulation healthy. After dividing the stricture and washing the cut 
With sublimate it was returned, and a radical operation performed, Janciz 
24—Abdomen distended: vomiting. Temperature high. almost ἘΠ΄ €, Manuary 
25— Dressing changed; wound looking well. Abdomen very distended, patti. 
hich temperature: vomiting has ceased, January 30— For the last twe car + 
patient gradually sinking; temperature always about 409 CL Since vestenley 
metastatic parotitis. — Diagnosis: acute septic peritonitis, No more vomitit. 
Patient died at mid-day.” 

Rosenbach intended to make cultivations from the blood durinz 
life, but arrived ten minutes too late. He, however, took blood 
from a vein in the arm, and also some of the purulent intiltra- 
tion from the parotid, and inoculated therewith agar ayar 
jelly. Nothing grew from the blood; but from the parotid 
he got large numbers of colonies of staphylococcus pyovenes 
aureus. 

* On post-mortem examination : intestines very much distended and very red 
where the loops touch one another, No other sign of peritonitis. The piece ἢ 
intestine whieh had been strangulated is so adherent to the surrounding: tissues 
that its lumen is narrowed; nevertheless there are now fieees below it. The evi! 
is of a bluish red slaty eolour; as it is adherent, it is not dead. The mucovs 
membrane shows deep ulcerations, and the yellow points mentioned before 


correspond to the deepest parts of these ulcers. There is also marked ulceration 
in the dilated intestine above.” No other morbid appearance. 
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or of easily demonstrable bacilli. Such cases are the four which 
follow—two of progressive grangrene, and two of progressive 
gangrenous emphysema :— 


b. Spreading Gangrene. 


^ K. Sandross, a shoemaker, aged δέ, injured the index finger of his right hand 
four days before admission. On the following day the finger and hand were 
swollen, there was great pain and shivering. Present cordition—Back and 
palm of hand show marked inflammatory swelling ; index finger shapelesa, blue. 
An abscess was opened in the palm of the hand and drained, and several incisions 
were made over the index finger to relieve tension. On the following day more 
fever; forearm much swollen and livid; punctures and large incisions made: 
limb elevated, and wrapped in wet carbolic jute. During the following dars 
there was high fever, the forefinger became gangrenous, the forearm doubtful; 
the inflammation spread slowly. By the fifth day after his admission the fore- 
arm had become gangrenous as far as its middle; high fever; for some days 
there had been circumscribed reddened portions of skin on both legs. On the 
following day these portions, which on the right side had spread as far as the 
thigh, were in parts blue and covered with bluish vesicles; high fever; delirium. 
Died on the evening of the sixth day after his admission. On post-mortem 
examination the right forearm was swollen and of a dirty greenish colour. the 
epidermis being raised in vesicles. On making an incision into it a foul ichor 
was seen, which soaked through the whole muscular tissue. The right leg was 
in a similar condition as far as the upper part of the thigh. Lungs full ef 
blood. Bronehi contain alematous tluid.. Spleen moderately swolien ; Kid vs 
pale; liver soft ; mucous membrane of the intestine swollen, reddened. in parts 
with haemorrhages into it and covered with mucus. In the transverse cuiun a 
cylindrical epithcuioma about the size of half a crown ; parenchymatous intlazi- 
mation of the heart, liver. and kidneys. 


‘“Twelve hours before death I incised places on the right and 
left limbs where there were no vesicles, after very careful disin- 
fection of the parts, and inoculated the turbid reddish fluid 
which escaped on P. F. G. Everywhere there grew a pure culti- 
vation of streptocuccus pyogenes. In this case the streptococcus 
wus only cultivated on F. P. G. If any one has doubt whether it 
is sufficiently certuin that the streptococcus was streptococcus 
pyogenes, I would refer him to tho following case, which is quite 
analogous, aud in which the identity was fully established by 
parallel cultivations :—” 


It will be sufficient to give a short abstract of this case. The patient, agel 
40. had slightly torn his finger cight or ten days before admission : this became 
covered with a scab. beneath which was pus. Three days later a red spa 
appeared on the back of his forearm. which was painful, and quickly increased. 
Patient had shivering and felt ill; the whole of the lower part of the forearm 
became affected with a tense inflammatory swelling without suppuratiun. This 
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staphylococci, which can lead to suppuration, and also to gan- 
grene of fingers and portions of the skin, and even to death by 
infection of the system. Ogston also obtained similar gangrene 
of the skin by injection of staphylococcus into animals .... 


c. Spreading Emphysematous Gangrene. 


" Franz Fust, mason, aged 21. A falling tree struck the leg of this strong, 
healthy man to-day, fracturing it at the junction of the upper and middle third, 
the tibia obliquely, the fibula in the middle. Ata corresponding point there is 
perforation of the skin in the calf, while in front it is intact. Patient was 
admitted six hours after the injury with a markedly swollen extremity, which 
at the side above the joint crepitated, either from blood orair. An incision 
was made in front of the bones. Drainage and washing with carbolic acid δὲ 
thoroughly as possible. On the following day, May 20, 1881, the swelling had 
not diminished; the patient was peculiarly quiet. Wound washed out with 
carbolic acid. May 21, 1881—Marked putrefaction in the wound, with slight 
swelling; washed out with 10 per cent. chloride of zinc solution. May 22, 188] 
—On account of more advanced putrefaction amputation through the lower third 
of the femur. The muscular tissue of the leg (several of the deeper strata are 
normal) has become converted into a peculiar, reddish-brown, soft mass, con- 
taining air bubbles. May 24, 1881—The stump has been similarly attacked: 
patient sinking, complains of his right hip; is slightly jaundiced. Died of 
acute ( feud royant) sepsis at 2 o'clock in the afternoon. Post-mortem examina- 
tion made after barely twenty-four hours. Very putrid corpse. with genere! 
putrefactive emphysema. Apart. from old. peribronchial caseous deposits. an 
pretty extensive fatty embolism, there is nothing abnormal, Spleen large ani 
dark; pulp semifluid.” 

Rosenbach examined the extremity immediately after the 
amputation, and found very characteristic organisms, long and 
short rods of considerable thickness, frequently with a large spore 
at one end of the shorter rods (fig. 41, Plate VIII). These 
were present in large numbers. Only after careful searching 
could he find a few cocci. He failed to cultivate the bacillus. 

He narrates a second case of 2 similar nature where the affee- 
tion began in the axilla after removal of axillary glands. The 
ganerene here extended over the back and down the arm, and 
the patient died on the morning of the third day after the opers- 
tion. Here also he found microscopically similar organisms in 
larve numbers (fig. 42, Plate VIII, but these he also failed to 
cultivate, though he is inclined to attribute this to defective 
methods. He also saw a very few cocci, which proved on culti- 
vation to be streptococcus pyogenes. 
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XI.——PYZMIA. 


Rosenbach has only had the opportunity of examining six 
cases of pyemia. The following are the cases, with the results 
of cultivation :— 

1. Pyxmia after amputation of the thigh for injury; putrefaction and sup- 
puration of thestump. Infective thrombosis of the crural vein; abscesses in the 
muscle around it, close to the stump. Endocarditis verrucosa ct ulcerosa micro- 
coccea of the aortic valves; infarcts and embolic abscesses in the kidneys. Sup- 


purative fibrinous pleuritis. Swelling of the spleen; cedema of the lungs. 
Death. 


From the blood of the patient streptococcus pyogenes was 
cultivated during life, in some instances also staphylococcus pyo- 
genes aureus, but by far the most numerous was streptococcus : 
thus of 8 tubes inoculated at various times from the blood by 
stroking the surface or puncturing it, growth occurred in 7; 
in 4 of these pure cultivations of streptococcus pyogenes ; in 2 
streptococcus pyogenes, along with staphylococcus pyogenes 
aureus; and in 1 staphylococcus pyogenes aureus alone. 

2. Pyamina after injury of the diploé by a sword-cut (Sehldgerhieb). Reten- 
tion of the purulent secretion by stitches. Small deposits in the diploé, from 
which a purulent thrombophlebitis extended into the transverse sinus ; here there 
was suppuration of the thrombus and periphlebitic abscess formation. Purulent 
metastases in the lungs with suppurative pleuritis. Death. 

The pleura was tapped during life, and cultivations were made 
from the pus, resulting in copious growth of streptococcus 


pyogenes. 


3. Intense primary infection with streptococcus of a stump, after amputation 
through the thigh. Infective thrombophlebitis of the crural, saphenous and 
hypogastric veins, with suppuration of the thrombi and metastases in the pleure, 
joints, kidneys, and the sheaths of the tendons (extensor hallucis). Death. 

Streptococci were found in the metastases in the kidneys, in 
the thrombi in the crural vein, and in the other suppurations 
that were examined. 

4. Compound fracture of the upper arm, and extensive contusion of the soft 
parts, In spite of amputation there was development of metastases in the 
lungs, pleura, kidneys, and pericardium. Death. 

The pleura was opened during life, and a thin fluid with thick 
flakes in it was evacuated.  Cultivations from this, taken when 
the opening was made, showed large numbers of streptococcus 
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pyogenes. Later cultivations made from the pleura showed s 
majority of the staphylococcus pyogenes aureus. 

D. Erysipelas and pywmia after removal of recurrent carcinoma of the mammas. 
Infective thrombosis of brachial vein. Embolism of the pulmonary arteries 


infarcts and abscesses in the lungs. Suppurative pleuritis, suppurative gonitis, 
fatty degencration of the cardiac muscle, parenchymatous nephritis. Death. 


During life the knee was punctured with antiseptic precau- 
tions, and the pus inoculated into F. P. A. Pure cultivations of 
streptococcus pyogenes were obtained. 

6. Whitlow on the middle finger, inflammation of the forearm, probably 


metastases in the lungs, metastasic abscesses on the dorsum of the foot, in the 
right axilla, left thigh, among the gluteal muscles, and in the calf. Recurerr. 


Cultivations were made from the abscess on the dorsum of 
the foot, and pure cultivations of staphylococcus pyogenes aureus 
obtained. No streptococci were found. 

Thus of the six cases of metastatic pyemia examined, strepto- 
coccus pyogencs was found five times, partly in the blood and 
partly in the metastatic deposits during life; twice combined 
with staphylococcus pyogenes aureus, but in larger numbers than 
the latter. In one case, which recovered, staphylococcus pyo- 
genes aureus alone was found. 

Most of the writers on py:mia have found micrococei in the 
blood and in the metastases, and Ogston in his latest work 
asserts that pysmia, septicemia, and septieopy:emia are only 
symptoms of ** micrococcus poisoning." He holds that py:emia, 
even the most acute forms, differs from simple inflammation only 
gradually und quantitively. — He holds that there is no such dis- 
ease as septiciemia and pyiemia per $e ; they are simply secondary 
phenomena, dependent on local centres of microcoecus growth. 
These diseases ure only the expression of the malignant influ- 
enees which come from this centre, and which would in every 
case disappear if we were able to remove or to cure the local 
affection. Having called attention to Ogston' s views, Rosenbach 
proceeds as follows :—- 

** As these local deposits are formed of the pyogenic cocci, one 
might suppose that Ogston looks on these and their ptomaines 
3s the enuse of the general disease, pyemia. But I consider that 
it is going too far to look on the constitutional affection in 
pywmia as only secondary, and to hold that it will stand or fall 
with the local deposits. 
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had the opportunity of observing occurred in connection with 
infection from dead bodies. Unfortunately these cases occurred 
before I had commenced these investigations on pathogenic 
microbes. . . . I must further add that not only the strepto- 
coecus but also other pyogenic cocci, especially staphylococcus, 
may be the cause of metastatic pyremia. Although the first has 
been observed in much the greater proportion of cases by all 
investigators, yot in the small amount of material at my disposal 
there occurred one case of typical metastatic pyemia (Case 6; 
this case recovered) which was caused by micrococcus pyogenes 
aureus. My view at present is, however, that streptococcus 
occasions by far the largest number of the malignant forms of 
metastatic pyremia, being most fitted for this action by its para- 
sitic and diablastic properties, and that probably in the case of 
Staphylococcus a much greater quantity must pass directly into 
the blood from the primary focus, as, for example, in cases of 
severe osteomyelitis with metastases, in which the pus, full of 
cocci, is pressed directly in large quantities into the veins of the 
medulla." 


XII.—FINGER-ERYSIPELOID, ERYSIPELAS CHRONICUM, ERYTHEMA 
MIGRANS. 


** By this name we understand a special disease which indeed 
is of little importance, because it is very harmless, but yet 
demands attention because one might at its commencement 
confuse it with more severe infective diseases. It occurs in 
people wbo have to do with animal matters, such as in butchers, 
leather-dressers, and cooks; in the latter case, as appears to me, 
more especially where they have to skin game. From a small 
wound, generally on the finger ‘a wound is necessary), & bluish 
brown red infiltration extend’ spreading with a sharp margin 
exactly like erysipelas. The parts attacked remain for some 
days swollen and red, are somewhat itchy, and burn ; but finally 
they become pale, while the margin spreads. Thus the affection 
may extend from the tip of a finger over the whole finger, 
indeed over the back of the hand as far as the carpus, and may 
attack the neighbouring fingers. As a rule the affection comes 
to an end over the metacarpus in one or two weeks. The general 
state of the patient is not disturbed, and there, is no fever. I 














449 FURUXCLE AND CARBUNCLE. 


necrotic plugs and portions of connective tissue separated, aided 
by warm compresses soaked with sublimate. On the eighth day 
the pus pressed out of the depth of the wound was inoculated 
on nutrient jelly and some dry preparations were made. 

** These, as well as the inoculations made on 18th June, 1883, 
gave on agar agar and nutrient jelly the characteristic yellow 
growths of staphylococcus pyogenes aureus without contamination 
with any other micro-organism, as shown by plate cultivations 
and microscopic examination. 

** In the cover-glass preparations, cocci of the typical size and 
form were found scattered among the pus cells in twos, in fours, 
and in grape-like clusters. In the pus taken on 18th June, 1883, 
these cocci were present in extraordinarily large numbers, und 
seemed, to judge by their arrangement, to be undergoing the 
most active multiplication. 

** With the exception of some neighbouring furuncles the sup- 
puration had come to an end in three weeks, and at the present 
time only seventeen scars indicate the place of infection. 

* From these experiments it is evident that furuncle (car- 
buncle) and whitlow are infective diseases, that they can be 
caused by the same coccus as is found in acute osteomyelitis, 
and that the yellow producing cocci found in these affections 
are identical, 

* Although Pasteur,* and many after him have found the 
‘microbe du pus’ in furuncles and whitlow, and have, without 
further proof, revarded it as the causal agent, this conclusion was 
not satisfactory, and could not be regarded as such till (to use 
Bergmann's words !) ‘experiment had decided the matter, and 
the attempt had been made to excite whitlow, and the other dis- 
turbances in question, in healthy skin and cellular tissue by 
means of the supposed noxious agents.’ 

“The final proof that panaritium as well as carbuncle owe 
their origin to nothing but the parasite inoculated, is furnished 
by the subscquent isolation of the coccus in question in pure 
cultivations from the inflammatory products of the processes 
artificially excited. 

* With reference to the first experiment, in which the result 
was negative, Krause's experiments on animals fully explain and 


* Duclaux, Ferments et Maladies, 1882. 
t Die Gruppirung der Wundkrankheiten, Antrittsrede in Berlin, 1883. 
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LOEFFLER distinguishes between diphtheria and diphtheritis. 
The former he defines as a ‘‘ characteristic and distinct disease, 
due to ἃ specific Ens «orbi, like measles and small-pox, which 
has continued constant for centuries, and occurs epidemically ”’ ; 
by the latter term, diphtheritis, he understands exclusively '*& 
definite pathologico-anatomical form of tissue-change, which 
occurs in diphtheria along with other forms of tissue-change." t 

Since Bretonneau sixty years ago published his classical 
work on diphtheria, many investigators have endeavoured in 
vain to clear up the etiology of this disease. The difficulty of 
this lies in the nature of the disease itself. The individual 
cases vary greatly in character according to the age of the 
patients, the malignity of the epidemic, the stage of the disease, 
and above all the numerous complications which are wont to 
ensue during the progress of cases of diphtheria. Besides, other 
affections of the throat present appearances which cannot be 
distinguished from those produced by the virus of true diph- 
theria. The only pathognomonic distinguishing mark is the 
etiological agent, the nature of which has to be ascertained 
from the investigation of individual cases. Α further difficulty 
in the investigation of the mtiology arises from the fact that the 
specific virus being, as we are obliged to suppose, of the nature 
of a living organized body, and the diseased surfaces being 
ulcerated or exposed surfaces, there is unavoidably an immense 
number of organisms present in the affected parts, and hence 


* Mittheilungen aus dem K. Gesundhettsamte, Berlir, vol. ii., 1884. 
¢ Loeffier included scarlatinal diphtheria in his investigations.—T. WW. H. 











free. All the cases seem to have been fatal. After consideration 
of the results of the examination of the whole twenty-seven cases, 
it is impossible to show any characteristics common to them all, 
but they may be divided into two classes according to the organism 
which is present in largest numbers. 

In the first class chain-forming micrococci (streptococci) play 
8. prominent part. The pathological anatomy of these cases is 
distinct from that of the second class. The characteristics of the 
first class were, loss of epithelium on the surface of the affected 
mucous membrane, and loss of tissue substance; no false mem- 
brane ; on the denuded surface of the mucous membrane, and also 
through its substance, were long chains of rather large micrococei 
(Plate VI., fig. 20). These organisms were also found in the 
lymphatics from whence they penetrated into every part of the 
body, and in various internal organs. As they spread they cause - 
necrosis of the tissues; the masses of organisms being sur 
rounded by a narrow unstained border, and further away by an 
inflammatory ring (see Plate VI., fig. 21). 

Chain-forming micrococci, morphologioally identical: 
found in diphtheria, are present in various other ài 


ibis. 
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are accompanied by lesions of the mucous membrane, e.g., 
variola, typhoid and puerperal fever, &c.; and a photograph of 
the latter is given by Koch in the first volume of the Mittheilun- 
gen, which represents the micrococci of diphtheriu satisfactorily. 

As the occurrence of these micrococci is regarded as entirely 
accidental in variola, &c., there is no reason to suppose that 
they are not accidental complications of diphtheria likewise. 

In the second class of cases the bacilli first described by Klebs 
are present. These bacilli occur exclusively in those typical cases 
which are characterized by a thick false membrane extending 
over the mucous membrane of the fauces, larynx, and trachea, 
the mucous membrane being traversed by enormously dilated 
and over-filled vessels. Below the masses of bacteria of different 
kinds which cover the surface, among which may be the strepto- 
coccus before referred to, Klebs’ bacilli are found arranged in 
little groups. They become intensely stained with methylene 
blue. In one case almost the whole false membrane consisted 
of colonies of this peculiar bacterium. They have been found 
also in the alveoli of the lungs and in the liver, but Loeffler 
is of opinion that their presence there was due to post-mortem 
changes. He never found them in the other organs, or in the 
typical hemorrhagic broncho-pneumonia which accompanies 
diphtheria. 

Klebs’ bacilli were not found in all typical cases, so that if 
they are the specific cause of diphtheria, we can only account for 
their absence by the assumption that they were eliminated before 
the patient's death. 

So far, therefore, as the investigations into the pathological 
anatomy go, they fail to give any conclusive information with 
the means of staining available at present; and there only 
remains for trial the method of puro cultivation and subsequent 
inoculation of animals, in order to ascertain if an infective power 
analogous to diphtheria in man can be set up by either of these 
two organisms. 


a. Pure Cultivations of the Chain-forming Mierococcus. 


Koch's nutrient jelly (866 footnote p. 46) was exclusively used 
a8 the culture medium. Minute quantities of the material] from 
the tonsils were diffused through the fluid jelly, which was then 
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poured out on sterilized plates of glass and allowed to solidify. 
The bacteria were separated from one another and developed as 
isolated pure colonies. Cultivation from portions of the internal 
organs is still simpler, the only precaution necessary being the 
exclusion of micro-organisms from without. For this purpose 
the organ is first placed in a 5 per cent. solution of carbolic acid, 
and moved about in it for about ten minutes. This suffices to 
kill all bacilli, micrococci, &c., which may have fallen on the 
specimen ; and in order to destroy any spores it is placed in 
] per cent. solution of corrosive sublimate for five minutes. 
It is then removed and laid on clean blotting-paper. "When dry 
it is cut partly through with a knife previously heated to red- 
ness, and then the two pieces are torn asunder, so that surfaces 
may be thus secured which have not been touched by any instru- 
ment. In this way absolutely pure material, free from extra- 
neous organisms, was obtained and in five different cases Loefller 
got pure cultivations of the chain-forming micrococcus from 
tonsils, heart, liver, kidney, and spleen; two of the cases being 
scarlatinal diphtheria, and three typical diphtheria. 

The chain-forming micrococcus grows rather slowly in the 
jelly—not until the third day are the minute translucent 
spots of a light grey colour seen in the line of inoculation. 
If a colony on the surface be examined with a low power, it 
appears as a roundish, rev, finely punctated spot, which termi- 
nates at the sides in minute wavy lines. After staining with 
methylene blue these wavy lines are seen to consist of delicate 
chains of pretty large diploececi, each of which seems slizhtly 
compressed in the direction of the long axis of the chain. 
Viewed by reflected light the cultures appear to consist of smail 
white dots, which are indistinguishable from the colonies of tke 
erysipelus micrococci. These mierococei grow admirably in 
meat infusion, to which 1 per cent. pepton, ὁ per cent. common 
salt, and 1 per cent. grape-sugar have been added. If kept ir 
the incubator at 877 C. (= 98:67 F.) little delicate flocculi will 
be noticed after twenty-four hours in the otherwise clear fluid. 
Under a high power these are seen to consist of long, frequently 
intertwined chains, eomposed of as many as 100 links. The 
uddition of 1 per cent. agar agar to the eulture medium will keep 
it solid at the temperature of the body. Blood serum answers 
still better as tbe solidifving material, the cocci growing ver 











one of the Selected was diffased in 10 e.cm. sterilized d 
water, and of this as much as could be taken up in the loop ofa LI 
platinum wire was sown on fresh serum. In this way pure culti- 
vations were obtained from several cases. 

The best cultivating medium, and the one used exclusively 
by Loeffler in his experiments, consists of 8 parts of calfs or 
lamb's blood serum, to which is added 1 part of neutralized veal 
infusion, containing 1 per cent. pepton, 1 per cent. grape-sugar 
and À per cent. common salt. This material is sterilized and 
solidified in the same manner as is done by Koch in the prepara- _ 
tion of blood serum for cultivations of tubercle bacilli 

Material for cultivation was selected from four typical cases in 
children aged 5, 6, 8 and 9 years, the membrane being taken on 
the second day of the disease before any treatment had ] 
begun. The false membrane, which was in all cases firm 
adherent, was seized with forceps, and a portion removed | 
cut with the freezing microtome. The sections were hi 
alcohol, and treated like other hardened material. In 
the characteristic bacilli could be seen after staining: 
tion of methylene blue and potash. On the surface 
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22° C. (—68? to 71? F.), at which the 5 per cent. jelly becomes 
soft (not quite fluid), the bacteria began to grow, and could be 
seen as small, round, white dots. When such colonies were 
examined on the cover-glass many of the bacilli were found to be 
curiously shaped, some dilated like bottles, others resembling 
sausages, others looking like large cocci, reminding one of the 
appearance of the involution forms of anthrax bacilli growing 
under unfavourable conditions. After being transferred to the 
serum mixture and placed in the incubator these anomalous 
forms disappeared. Potato is not suitable for growing this 
organism. 

Inoculation experiments were made on mice, rats, guinea-pigs, 
rabbits, monkeys, pigeons, hens and smaller birds, and the 
behaviour of the bacilli towards the various species is a matter of 
grent interest. The modes of infection tried consisted of sub- 
cutaneous inoculation, inoculation on the wounded or unharmed 
mucous membrane and inhalation. 

When inoculations were made through the skin or mucous 
membrane the following results were obtained: rats and mice 
enjoy complete immunity, while guinea-pigs fall easy victims: 
their death appears to be due not to the spreading of the bacillus 
throughout the body, but to a poison produced at the seat of in- 
oculation, which causes an alteration in the walls of the blood- 
vessels leading to hemorrhages throughout the body. Small 
birds, canaries, finches, green finches, &c., become infected as 
certainly as guinea-pigs, but more rapidly. Pigeons also are 
susceptible, and hens behave very like them, but hens and piveons 
are not nearly so susceptible as the small birds and cannot be 
infected through an uninjured mucous membrane. Rabbits do 
not give such uniform results as the preceding ; it would appear 
from the experiments of Loefller that death is due in their case to 
the mechanical effects of the false membrane caused by infection, 
and that a chemical poison is not developed in the blood, as in 
the case of guinea-pigs. From the monstrous forms sometimes 
assumed by the bacilli (as when cultivated in gelatine), it seems 
as if the rabbit’s body does not in all parts offer a very suitable 
culture-medium for the organism. One monkey had an erosion 
at the seat of inoculation on the palate, but did not contract 
diphtheria. The other became very ill, but had no fever ; there 
was extensive edematous infiltration under the arm, where it was 








in the diphtheritic membranes in guinea-pigs is probably due to 
this cause. 

As to the third objection, too great weight must not be 
attached to it, as it is not yet known whether or not the 
diphtheritic virus attacks man without a previous lesion of the 
mucous membrane; and further, in the throats of the animals 
experimented on, there are no hollows corresponding to those on 
the tonsils, in which the virus can lie and develop. 

In regard to the fourth point, (the absence of paralytic symptoms 
in the animals experimented on,) it must be remembered that 
the number of animals which survived the inoculations was — 
comparatively small, and that 11 per cent. is the highest percentage 
in man in which paralytic symptoms have appeared. 

Finally, as to the fifth point, it is conceivable that at a time 
when there were numerous cases of diphtheria about, the virus of. 
the disease might be present in the throat of a child 
producing any morbid effect. 

As to the practical conclusions to be drawn from the 
and lengthy investigations of Loeffler, although 
‘wanting in the demonstration, still certain poi 
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established of great value both for public health and for 
therapeutics. 

It is a matter of the first importance that it is rendered almost 
certain that, in the case of man and of the pigeon, the first serious 
alterations are produced at the point of entry of the poison, that 
is, in the great majority of cases, in the prime vie ; that this is 
the case with the calf is certain.* At this point the multiplica- 
tion of the poison takes place, and from thence it is transmitted 
inwards and outwards. Hence the important indication for 
isolating the patient; and further, for destroying all secretions 
and excretions emanating from the patient, especially from the 
mouth and throat, and also all objects infected by the same. As 
in the act of coughing infective material may be expelled from 
the mouth, set free in the air, and deposited on the floor, walls, 
&c., it is evident that the place occupied by the patient must be 
carefully disinfected. As superficial lesions form an important 
predisposing cause, the indication is that all means should be 
taken to protect existing lesions and prevent others occurring. 

Certain important conclusions may also be drawn for thera- 
peutics ; in the first place the earliest possible disinfection of 
the infected parts and removal of the morbid products are 
indicated. Even if it be assumed that the bacillus found in the 
false membrane is not the specific cause of the disease, still, 
from the experience gained in the long series of experiments here 
dealt with, it is evident that the earliest possible removal of these 
morbid produets is called for, as there is contained in them, in 
large numbers, a bacterium which produces & chemical poison, 
extraordinarily deleterious to many species of animals. 

* The second part of Loeffler'a paper is taken up with the description of diphtheria 


in pigeons and calves, in which other forms of bacilli are present, which are in all 
probability the cause of the disease, —T. W. H. 
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[Ir may be well, before proceeding to discuss the clinical details 
in Israél's work, to state in ἃ few words what is known about 
this disease." In June, 1877, Bollinger t described, as a new 
fungoid disease in cattle, ἃ peculiar affection of the jaws of 
cattle, which up till that time had been looked on by some as 
scrofulous disease, by others as osteosarcoma. According to 
his description, the affection consists in the development of a 
. whitish tumour, which starts from the posterior part of the 
alveolus, or from the spongy part of the bone, distends the bone 
&nd bursts through it, generally outwards, destroying all the 
tissues in its course. The substance of this irregular nodulated 
tumour is for the most part soft and juicy, and shows on section 
a large number of yellow, abscess-like points. Microscopically 
the tumour consists of granulation tissue with minute abscesses 
here and there, in which lie peculiar yellowish bodies about the 
size of a hemp seed. These bodies are also found in similar 
tumours in the tongue, pharynx, larynx, and mucous membrane 
of the stomach, and in the neighbouring lymphatic glands. 
When examined more minutely they present a gland-like mul- 
berry appearance, consisting of closely interwoven threads and 
club-shaped bodies (see fig. 11). Harz suggested that they 
should be called actinomyces (ray fungus), and hence the disease 
is termed actinomycosis. 

Variations are found in, and different opinions are held as to 
the characters and mode of development of these bodies, but we 
need not discuss them here. Al] the masses consist of three 


* See Ponfick, Die Actinomykose des Menschen. 
+ * Ueber eine neue Pilzkrankheit beim Rinde," Centralbl. für die Med. Wissensch., 
1877, No. 27. 

















Group I.—Invasion through the Mouth and Pharynz. 


(a) Localization in the lower jaw, 
1 ense. 
(b) Localization on the edge of the lower jv, in the sob 
maxillary and submental regions, 
9 cases. 
(c) Localization in the neck, 
2 cases. 
(d) Localization in the periosteum of the upper jaw, 
1 case. 
(e) Localization in the region of the cheeks, 
5 cases. 


* See also J. Wolff, " Ueber einen Fall von Aktinomykose" (Breslauer a 
1884, pp. 284—6) ; and Lorenzo Magnussen, Beitriige zur Diagnostik 
Aktinomykose, Inaug. Dissert, Kiel, 1885; also Aufrecht, “Ein 
kosis Hominis" Patholog. Mittheilungen, Fasc. ii, p. 60, " 
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Group II.—JInvasion through the Respiratory Passages. 


(a) Localization on the bronchial mucous membrane, 
1 case. 
(b) Primary localization in the parenchyma of the lung; 
extension to the chest wall, 
9 cases. 
(c) Primary localization in the parenchyma of the lungs; 
metastases, 
D cases. 


Group III.—Immigration from the Intestinal Tract. 


(a) Localization on the mucous membrane, 
1 case. 
(0) Intestinal affection with extension to the peritoneum and 
abdominal wall; metastases, 
6 cases. 


GnovP IV.—Cuses in which the Source of Invasion was Uncertain. . 


(a) Probable immigration from the respiratory passages, 
2 cases. 

(b) Probable immigration from the esophagus, 
1 case. 

(c) Probable immigration from the intestine, 
2 cases. 


Group I.—(a) Seat of disease in the interior of the man- 
dibula. 

The following interesting and instructive case is not only 
characteristic of the disease, but is the first and only one in 
which a central origin is established for a case of actinomycosis 
of the lower jaw. The case is reported by Dr. J. Israel :— 


Frau II., αἴας, 46, noticed. two months before coming under observation, ἃ 
slight tenderness on the external side of the right lower jaw. The cause was 
supposed to bea small swelling at the junction between the gum and the buccal 
mucous membrane, which, however, on repeated puncture and incision, neither 
discharged pus nor disappeared. 

Status, Jan, 29, 1881, —Externally no swelling i3 visible, but a thickening of 
the lower edge of the right lower jaw can be felt, midway between the angle 
and the symphisis. All the teeth in the upper jaw are absent ; the three anterior 
molars and the canine tooth are absent in the lower jaw on the right side, and 
the atrophied alveolar processes are smoothly covered with mucuus membrene. 
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The successive steps in the migration of the tumour are 
well illustrated in one case as follows: at first the tumour was 
situated on the alveolar process close to carious teeth ; later on 
it was found close to the edge of the jaw, but quite separate from 
it; subsequently the submaxillary region was found quite free, 
but a large abscess had formed in the carotid fossa, below the 
hyoid bone, and after this had been opened and had healed 
another abscess formed close above the clavicle. 

It is but seldom that the contents of an actinomycotic abscess 
connected with the mouth or pharynx are fetid, though it is 
common enough to meet with this in other regions. But in 
the last case referred to this was present, and in addition there 
were two other peculiarities, viz., the rapid development of the 
abscess, and the preponderance of the fluid contents as compared 
with the granulation tissue. 

The starting point has also been associated with an attack 
of pharyngitis and tonsilitis. 

It is not a little remarkable that no trace of the migration 
of an actinomycotic tumour can usually be detected between the 
point of its indubitable origin and the point where it has 
come to bght. This curious fact is well illustrated in a exse 
of Isracl's, in which the tumour, first noticed in August 1 
the submaxillary region between the spina mentalis and tLe 
angle of the jaw, hud descended by December 1st to the levi 
of the thyroid cartilage. A knowledge of this fact, that ἂν 
actinomycotic mass may thus traverse a considerable distarce 
without leaving any evidence of its passage en route, wil prese 
of «reat service. It throws a light on the pathogenesis of matr 
cases in which the tumour is met with at a distance from ary 
of the orifices or canals of the body which are familiar as the 
points of entry of microbes. 

That the consumption of pork is not an cssential cause of 
actinomycosis 1s shown by the case of a Jewish teacher, whe 
suffered from an attack in the cheek, and had never partaken 
of any article of food excluded by the ritual of his cehureh. 

In some eases there occur small breaches of the cuticle. 
affording an outlet from time to time of small quantities of the 
broken down tissues of the tumour. The openings soon clos 
spontaneously, but the swelling shortly recurs, the closed orifice 
again becomes prominent, discharge takes place and again ceases. 
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The tumours which are found in the submaxillary region either 
have no detectable connection with the lower jaw, or a cord-like 
process may be felt extending towurds the jaw. The same is 
true of tumours situated lower down in the neck. The patient 
can generally state that such tumours situated low down in the 
neck, and quite isolated from the lower jaw, were at first close 
to the jaw, and gradually migrated, the direction being usually 
downwards and inwards, the path of the migration being at first 
traceable by a cord or band to be felt reaching from the upper 
part of the tumour to the jaw. This band, according to the state- 
ment of a number of patients, disappears in time, so that no 
connection can be perceived between the tumour and the jaw. 
These statements correspond with the objective evidence obtain- 
able on examination of various patients. 

Wherever the point of origin may be, actinomycotic tumours 
at first feel hard, and do not affect the skin. Their course in 
strictly typical cases is never an acute inflammatory one, but 
slow and torpid, extending usually over several months, and 
scarcely exciting any attention by reason of painfulness. Pain 
is usually not felt until after some time, and after changes have 
taken place in the tumour. It is only quite exceptionally the! 
any general symptoms are present in the class of eases unkr 
consideration. Secondary changes may occur consisting at first 
of false or true fluctuation in the tumour, according ta τιν 
amount of fluid it contains. This is usually but small, the 
tumour consisting mainly of granulation tissue in various sta: 
of fatty degeneration. The fluid is in most eases thin. sci 
purulent and odourless, and contains the characteristic granules. 
In only one ease were the contents fotid, and here also thev 
were exceptionally fluid. If the process goes on undisturbe: 
discharge will take place through the skin; and theueh tke 
openings may in rare cases close, they most frequently contin 
as fistula with a slight discharge. There is another conirse whieh 
these cases may pursue, viz., they may shrink and beeome Lardened 
through displacement of the granulation tissue by cieatrivial- 
like conneetive tissuc, constituting a sort of spontaneons Lealirz. 
But this retrogressive process will not be found in the whole of 
the tumour, but only in its oldest parts. Thus, as in cases οἱ 
schirrus and many syphilitie processes, a cicatricial shrinking 
may be found on one side, und on the other a pathological cell- 











discharged openings remain with thin, undermined edges, and 
these discharge a scanty seropurulent fluid containing fungus- 
granules, and lead by tortuous paths, seldom passable by a 
probe, towards the alveolar process of the upper jaw. 

But this passage from the upper jaw to the face is by no 
means the most serious result. Owing to the immediate con- 
nection of the alveolar process of the upper jaw with the temporal 
bone and the base of the skull, it is evident that the disease may 
pass on to attack the latter. If this should happen, then the - 
disease may descend along the bones, and in front of the spinal | 
column into the mediastinum ; work its way through the base 
of the skull and attack the brain; and wander through the 
muscular tissue of the neck after destroying the connections 
the vertebrn. 

From these observations it will be seen that the 
much more serious when the actinomycotie process has its orig 
in the upper than in the lower jaw. All the cases of 
kind observed have been of a benign charaeter. 
effected either by assisting the elimination of 















it led to extensive purulent breaking down of the subcutaneous tissues, from 
which pus, similar to that which was evacuated spontaneously at first was dis- 
charged. Symptoms of pulmonary mischief, which had shown themselves at 
the outset in cough and specific expectoration containing microbes, ultimately 
became more marked. Inflammatory condition of the pericardium ensued. The 
patient became exhausted from the very profuse suppuration and hectic fever, 
marantic thrombosis of the vena crural. dext., and after attacks of fainting, with 
cessation of diaphragmatic breathing, the patient died May 14th, after five 
months illness. 


From the full details of this case the following noteworthy 
points may be selected :— 

(1) Pulmonary actinomycosis may begin unnoticed, run & 
chronic course, and lead to cicatricial contraction of the lung. 

(2) The characteristic sputa are muco-purulent masses, con- 
sisting of a convolution of mucous threads, including actino- 
mycotic granules. The sputum may become bloody, and at the 
same time thick, translucent, and similar to pneumonic sputum. - 

(8) Pulmonary actinomycosis may lead to inflammation of 
pericardium and pleura. The pleural exsudation may be 

(4) The actinomycosis may proceed from the lung to: 
wall, to which the lung is adherent ; the tumour 






















pus-eells, fat, granules, free particles of fat, c cle 
crystals of hematin, and actinomyces ; cylindrical epithelium is 
also not infrequently found in it. If the cavities increase in size, 
so as to lie very close to one another, they become at length 
continuous, through the breaking down of the intervening septa. 
In the neighbourhood of this chronic, inflammatory mass, there 
ensues ἃ reactive, diffuse affection of the portion of the lung 
involved, by the hypertrophy of the connective tissue, which 
leads to compression of the alveoli, disappearance of the alveolar 
epithelium, and finally to the conversion of the pulmonary tissue 
into a thick mass of connective tissue, rich in elastic fibres, and 
not easy to cut through, varying in colour, according to the pro- 
portion of pigment, from light grey through slate-colour to blue- 
black. "The pathological cavities are separated from this ground 
substance by a thin wall of granulation tissue, which, wl 
affection is of long standing and the cavities are large, i 
speckled brown-yellow, of a softish consistency, and when 
mersed in water shows a shreddy appearance, and 
characteristic granules of the ray fungus (acti 
depressions and sinuosities. 
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phthisis pulmonum. The patient has a slight cough, sometimes 
has night sweats (probably in consequence of hectic febrile con- 
ditions), he grows paler and short of breath. Should hemop- 
tysis ensue, as is sometimes the case, the similarity becomes 
still greater. Still this resemblance is really only superficial. 
For in the first place neither a long-continued hamoptysis, nor 
a considerable pulmonary hemorrhage, has been observed in 
actinomycosis pulmonum. Further, when there is sanguinolent 
sputum, it is more like the rusty sputum of pneumonia than 
the hemoptysis of tuberculosis. Just as in patients suffering 
from circumscribed, chronic tubercular affection of the lungs, so 
in cases of pulmonary actinomycosis, in which only a limited 
portion of the organ is affected, the disease may run its course 
without the patient feeling ill, losing much of his power for 
work, or suffering in appetite, digestion, or sleep. 

This uncertainty of diagnosis suggests the necessity of exami- 
nation of the sputum for both actinomyces and tubercle bacillus. 

More characteristic symptoms are not noticed until the second 
stage of the disease, when it extends beyond the lungs. This 
takes place partly by spread of the disease to the parts in the 
immediate neighbourhood, partly by metastatie migration of the 
fungi to distant orgaus. In the first case the infection is pre- 
ceeded by simple adhesive processes of greater or less extent, cr 
by pleural exudation, or by both simultaneously. As the discase 
goes on there may be retraction of the ehest-wall, and this may 
be of ereat diagnostie value. For should there occur a retraetiz« 
of the chest-wall at the same time with an attack of acute pleurit- 
(the lutter being a frequent occurrence), it is evident that ture 
must have been some chronie affection. before the acute one 
appeared, 

The specific actinomyeotic infection of neighbouring parts, 
throneh immediate continuity of structure, removes all doubt a- 
to the nature of the case. After the affected. lung has bevore 
adherent to neighbouring parts, the actinomveotie process 
extends from one of the pulmonary masses in various direetions. 
and the general character of the clinical history depends largely 
on the direetion it may take. 

Three principal directions are deserving of attention. 

(1) It extends most. frequently to the peripleural tissues of the 
chest-wall, frequently involving the prwvertebral tissues, more 








"hood of the dorsal or Tabor vertebrw, a 
diffuse swelling without alteration in the colour of the skin. It 
looks like anasarca, but palpation proves that the supposed 
infiltration must be much denser than that of anasarca ; it is in 
fact due to the formation of soft granulation tissue beneath the 
skin. This swelling may extend over the whole side or back of 
the thorax, and ultimately a discoloured livid elevation is formed, 
which on puncture gives no fluid, or at most a drop which, if 
secured, decides the nature of the case. If the opening take 
place spontaneously there will be a discharge either of abundant - 
thick muco-purulent stinking material, or else of a scanty, thin, — 
odourless fluid, mixed with the specific fungus elements. | 
The actinomycotic tissue degeneration passes through two 
stages: (1) that of granulation, which produces elastic, pseudo- 
fluctuating swellings of a torpid character; (2) m i 
purulent breaking down, leading to formation of abscesses. 
ulcers. The period occupied by either stage varies too 
enable any probable limit to be stated. J 
A considerable area of the body may be undermined 
meated by sinuous passages filled with 





















Aitiology. 


No substantial addition has been made to our knowledge of 
this serious and interesting disease since J. Israél proved in his 
first work on the subject that the ray fungus (actinomyces) is its 
cause. It is still unknown where and how the micro-organism 
is introduced into the body, and what is still more remarkable, 
the existence of the microbe outside the body has never been 
ascertained. There is no doubt that the microbe may be intro- _ 
duced through the mouth and the respiratory passages, and 
there is strong evidence that it has also penetrated from the 
digestive tract. It has further been shown that the points of 
entry from the mouth into the tissues may be decayed teeth, 
dental fistule, or wounds caused in extracting teeth ; and 
.vasion through the tonsils and pharynx has been shown. 
probable. The introduction of the fungus with the food in 
of primary intestinal actinomycosis has also been 

* Patients of v. Langenbeck, Mosdorf, and Birch-Hirschfeld, Ponfick | 
and Zemann, - 1 


















"Tho first variation from this duasl-schotiais type i is eere 
by vegetative alterations in these clubbed extremities, partly 
through budding, leading to hand or fan-like structures, and 
partly by transverse segmentation, a change which Israél, as 
the result of repeated very careful observations, maintains to be 
correct in spite of the objections urged by Ponfick. Rudimentary 
development of the clubbed bodies leads to other variations, 
these bodies often appearing little broader than the filaments of 
which they form the extremities. The size may be diminished 
so that in extreme cases no clubbing is visible at all, but merely 
a greater power of reflecting light at the extremity, and in some 
cases the termination of the filaments offers no distinguishing 
character from the filaments themselves. Some colonies have 
many, some very few, and some no clubbed bodies at all, 
but consist entirely of mycelium arranged radially towards the 
periphery. The latter stage of development corresponds exactly 
to the streptothrix of Ferd. Cohn. ; 


* For drawings see J, Isratl's “Neue Beobachtungen auf dem Gebiete d. M à 
ἃ, Menschen," Virchow's Archiv, Bd. 74, Tafel ii.—v. 
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In other forms it is impossible to recognize any arrangement 
to which the term ray fungus (actinomyces) is applicable, but 
their similarity with leptothrix of the mouth is most striking, 
and J. Israél considers that when found in the deposits on the 
teeth they could not be recognized as actinomyces. 

The fact that true dichotomy sometimes occurs in leptothrix, 
according to J. Israél, renders it impossible to differentiate at 
times leptothrix from the streptothrix form of actinomyces. 
J. Israél states that he has found forms in colonies of lepto- 
thrix from dental mucus which had analogous growth to the 
clubbed bodies of actinomyces, but they have no radial arrange- 
ment; and he lays great stress on the morphological resemblance 
in other points of actinomyces to leptothrix. But that the 
characteristics of the microbe as seen in the mouth should be 
different from those of the same microbe when developed under 
entirely different conditions within the tissues, is only what is to 
be expected, and these differences do not therefore offer any 
insuperable obstacle to the acceptance of the theory of the 
original identity of the two forms, and in this may also be found 
the solution of the remarkable fact that typical actinomyces have 
never yet been found outside the body.* 

* Very little consequence can be attached to these morphological resemblances 
between groups of what is termed leptothrix and the massea of actinomyces, and 


they certainly afford no evidence that these micro-organisms are in any way related 
to each other, —Ebp. 
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Experimen! e I 
disinfectants, which will serve for ail conditions under which 
disinfection is required. We shall far sooner learn how to disin- 
fect with certainty in all cases if the various disinfectants are 
employed each in its own place and with due regard to its 
chemical and physical properties. The problem should be sub- 
divided more systematically than has hitherto been done; cloth- 
ing, linen, bedding, &e., must be dealt with quite differently — 
from compact articles, and one disinfectant may be the best for j 
sick-rooms, while another is most suitable for ships or rail- 
way carriages. The examination of a disinfectant must také 
into account the conditions under which it is to be employed in - 
practice. 

Although the estimation of the value of a disinfectant: by 
observation of its effect upon micro-organisms cannot be 
sive, this method has incontestable advantages, and is so. 
that in every case the inquiry should begin in this way. 









It seems to be universally agreed that a true disii 
have the power of destroying all living 











to the action of disinfectants in the manner to be described later 
on, were transferred to solid nutrient jelly or potato, and the 
resulting growth, if any, compared with that occurring in a con- 
trol experiment, which was made in every instance. By these 
means such complete evidence is obtained as to the vitality of the 
respective bacteria, before and after disinfection, that errors are 
entirely excluded. 

Micrococcus prodigiosus and the bacteria of blue pus were 
selected as representing those bacteria which form no spores and 
are readily destroyed by disinfectants. Both produce such 
characteristic growths upon potato that confusion with other 
bacteria is impossible. For example, the cut surface of a potato 
is inoculated with these bacteria, and after development has 
occurred a thin slice is dried; a portion of this is then expo 
to the action of a disinfectant. It is then laid upon the 
surface of a boiled potato, and there appears a rapidly 
and spreading red colony of micrococcus 3 
light brown colony of the bacteria of blue pus. The 
occurs not at a point, as in the case of accidental 
but all around the fragment, and can only b 
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fact that the disinfectant has failed to destroy the bacteria 
in question. If, on the other hand, the disinfected fragment 
of potato yields no such growth, while in & control experiment 
a similar fragment, not disinfected, gives rise to copious growth 
when placed upon the surface of a boiled potato, it is demonstrated 
to 8 certainty that the bacteria have been effectually destroyed. 

The bacilli of anthrax from the spleen of animals just killed, 
and other pathogenic bacteria, were also employed as samples of 
micro-organisms without spores. Anthrax spores were chiefly 
used to represent the spore forms. It was desirable to test the 
disinfectants directly upon pathogenic bacteria, and this species 
had the further advantage of being readily recognized by its 
peculiar mode of growth when cultivated upon nutrient jelly, and 
also by the results of inoculation experiments upon animals. 
Other spores, such as those of the hay bacillus and potato bacillus, 
and those which occur in ordinary garden earth, were also occa- 
sionally employed. 

It is necessary to guard against carrying to the nutrient 
matcrial too much of the disinfectant along with the sample of 
bacteria tested, for otherwise the disinfectant might hinder their 
development, though it had not killed them. To avoid this 
Koch takes as small a sample as possible, and employs a 
relatively large cultivation area, so that the trace of disinfectant 
is so much diluted as to lose any power of checking the growth 
of the bacteria. In the experiments with anthrax spores, 
for instance, the material employed consisted of short pieces 
of silk thread soaked in some cultivating fluid containing the 
spores, and then dried. In doubtful cases the disinfectant was 
washed off by means of sterilized distilled water, alcohol or other 
indifferent liquid, or recourse was had to inoculation of animals. 


Under certain circumstances complete disinfection, i.e., 
destruction of all organisms, may be impossible, or it may be 
only necessary to check for ἃ time the growth of the organism, 
as for instance in dealing with large quantities of water, such as 
trade effluents or sewage. It is therefore necessary to test sub- 
stances with regard to their power of hindering development, as 
well as with regard to their disinfecting power. Asa rule the 
reagents best adapted for this purpose will be those which are 
found to be the best disinfectants, suitably diluted. 

Wa 





CARBOLIC ACID. 


1. Carbolic Acid in Aqueous Solution. 
a. Action on Spores. 


Anthrax spores dried upon silk threads were placed in carbolic 
solutions of various strengths, and kept in corked bottles, A 
thread was removed from time to time, and planted on the | 
nutrient jelly. The following table shows the results :— 


Strength of carbolle solution, D 





of exposure of anthrax spores. 
1,8, 











2 per cent. 

5 on 4 
i54 1,3. 8,4, 5, 7, 15 

2 ,4 1,2, 85, 4%, δ, 7* 

8o. 1,95, BF 45, 58,7 

4 on 15, 35,8,4. 0 

δ 152.84 





‘The plain figures in the second column signify th 
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removed from the disinfectant solution on those days developed 
on the nutrient jelly as actively as in the control experiments, 
and had therefore not been affected by their exposure to the 
action of the carbolic solution. The figures bearing an asterisk 
signify that the spores transferred to the jelly on those days 
yielded scanty or retarded growths, less active than those of the 
control experiments. The doubly underlined figures indicate 
complete sterilisation—that is, that the spores removed from the 
carbolic solution on the corresponding days yielded no growth 
whatever upon the jelly. 

Thus 1 per cent. and 2 per cent. failed to destroy anthrax. 
spores within a week; 8 per cent. took seven days, 4 per 
cent. three days, and even 5 per cent. required more than one. 
day. 

These results were most unexpected, since it is customary to- 
regard a 2 per cent. solution of carbolic acid in water as able to. 
destroy all germs in a few seconds or minutes. The surgeon 
washes his hands, and cleanses his instruments in such a solu- 
tion,* and believes that he has thereby rendered them free from 
living organisms, and that they may then with safety be brought 
into contaet with open wounds. We now see, however, that 
beyond the mere mechanical effect of washing, such precautions. 
are of no avail whatevor in the case of organisms as resistent as. 
anthrax spores. 

For practical purposes a disinfectant should not require much 
longer than twenty-four hours, as it loses power by volatilization, 
dilution, or chemical changes. Measured by this standard 
even the 5 per cent. solution of carbolic acid is unreliable, 
although protected against the above causes of deterioration. 
Complete disinfection is much more difficult to attain in the 
case of complex fluids in which carbolie acid causes precipitates, 
and possibly forms less active compounds, or if the objects to be 
disinfected can only be brought into contact with the disinfectant 
for a short time. For such purposes not less than a 10 per 
cent. solution would be necessary, and it then becomes a ques- 
tion whether its cost and destructive properties do not render it 
liable to be superseded by other reagents to be described later 
on. 


* This is hardly correct. A 5 per cent. solution is generally used for these 
purposes.—ED. 





reads ced in a series 
of seven vessels, each containing 10 cem. of fresh clear blood 
serum ; and to these were added respectively 1, 2. 4, 6, S. 10, 
and 15 drops cf a 2 per cent. carbolic solution. They were pro- 
tected from evaporation and pollution by dust, by means of à 
cover. In the first four the growth was as active as in the 
control experiments ; in the fifth it was delayed, but ultimately 
equally vigorous; in the sixth there was only a scanty growth 
of short and crooked threads; in the seventh there was no 
growth whatever, but the spores still grew vigorously, after 72 
hours' immersion, when transferred to fresh nutrient jelly. 
These experiments were repeated with similar quantities of 
fluid, the.blood serum, however, being replaced by a solution 
containing 1 per cent. of peptone, and 4 per cent. of meat 
extract. Five drops of 2 per cent. carbolic solution had no 
effect, ten drops caused marked retardation, and twenty drops 
entirely prevented the growth. 
Hence one part of pure carbolic acid in 850 parts of the cul- 
tivating fluid completely prevents the growth of anthrax bacilli, 
while one part in 1,250 causes marked diminution of activity. 








1 ^ 
3 . 
* . 
^ a 
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These proportions apply only to carbolic acid and anthrax 
bacilli. It was observed that in some instances aérial organisms, 
accidentally introduced, developed freely in carbolised media in 
whicb anthrax bacilli remained quiescent. 

Jalan de la Croix found that carbolic acid in the proportion of 
1 to 400 or 1 to 500 was sufficient to prevent the growth of 
aerial organisms in meat infusion. 


2. Carbolic Acid Vapour. 


Schotte and Gaertner had shown that to destroy putrefactive 
organisms in dry objects, 15 grms. of carbolic acid vapour to 
the cubic metre are required, so that disinfection of rooms by 
this method is impracticable. It remained to be seen how far 
a higher temperature, or longer exposure at ordinary temperature, 
would modify these results. 

1. Earth, containing spores of bacilli, was kept in air saturated 
with carbolic vapour at the ordinary temperature for 45 days, 
without diminution of the vitality of the spores at the end of 
that time. 

2. Earth, containing spores, was placed in a flask through 
which by means of an aspirator air saturated with carbolic vapour 
at 20° C. was drawn. The temperature within the flask could 
be varied at will. Exposure to the vapour at a temperature of 
55° C. for half an hour had no apparent effect upon the vitality of 
the spores, but after three hours exposure there was but little 
growth upon the jelly. Two hours exposure at 75° C. was 
followed by sparse growth. It has been already seen that at 
ordinary temperatures (15° to 20° C.) there was no effect even 
after 45 days’ exposure. 

We may conclude that the disinfection would be complete at 
75° C. in five or six hours, but it would take several hours to 
raise the temperature of the interior of large objects above 
50° C., even if the disinfecting chamber were at 100° C., so that 
the total duration would not be less than eight or ten hours. 
For practical purposes disinfection by heat and carbolic vapour 
must not occupy more than two hours. 

For the present the investigation was not carried beyond this 
point, but it is evident that disinfection by means of carbolic 








Bisulphide of carbon, therefore, like carbolic acid, gains in 
power at higher temperatures. 


8. Carbolic Acid in Combination. 


Several compounds containing carbolic acid were tested as to 
their power of destroying anthrax spores, but all proved to be 
less powerful than the pure acid. The experiments were per- 
formed in the manner already described. 


Days of exposare of anthrax. 
Carbolate of Soda, 5 per cent. in water ..... 19, 10° 
Sulpho-carbolate of Soda, 5 per cent. in water, 

Sulpho-carbolate of Zinc, 5 per cent, in water. 





oL» 


(The signs have been previously explained, under the ὅτε 
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Undiluted crude pyroligneous acid appears to be equivalent 
in power to & 5 per cent. solution of carbolie acid. Of the 
carbolic compounds the sulpho-carbolate of zinc stands next 
to carbolic acid as a disinfectant. 

** Disinfection” by carbolic acid often consists of washing with 
a 1 per cent. or 2 per cent. solution, or free application of milk 
of lime containing 2 per cent. of carbolie acid. Solutions of 
this strength could have no effect upon spores of bacilli, but in 
order to ascertain whether stronger solutions would give tho 
desired results, the conditions of practical disinfection were 
imitated experimentally by placing threads impregnated with 
anthrax spores in the crevices of a rough board. 5 per cent. 
solutions of carbolic acid, in water and milk of lime, were daily 
poured freely over boards so prepared, but after seven and even 
ten repetitions of this process development occurred at various 
parts of the threads when transferred to nutrient jelly. Thus, 
though many spores were destroyed, the result could not be 
regarded as a true disinfection. 


4. Carlbolic Acid dissolved in Oil and in Alcohol. 


Anthrax spores were found to be absolutely unaffected by lying 
for 110 days—upwards of three months—in a 5 per cent. solution 
of carbolic acid in oil, and equally so by 70 days’ exposure to a 
5 per cent. solution in alcohol. 

Even the sensitive anthrax bacilli were not more affected by 
5 per cent. solution of carbolic acid in oil than by pure oil* :— 


Days of Expoaure of 
acilli anthracis 


Carbolic acid, 5 per cent. in olive oil ................... eee 1, 2, 8*, 4*, 6 
Carbolic acid, 1 per cent. in olive oil ....................... eee ses ], 3, 85, 4*, 6 
Pure olive oil................ eese eese eene eee nene noeh rennen ne nenne 1, 2, 8, 4*, 6 


These results are utterly contradictory to all former experience 
and belief, but there is no possibility of error in the experiments, 
as they were repeated several times, and always with concordant 
results. Moreover, the same holds good as regards thymol and 
salicylie acid. It might be supposed that the enveloping membrane 
of the spores is impervious to carbolic acid unless softened by 


* The table shows a slight difference upon the third day of exposure. —B. A. W. 





ing sperent 5 
by burning sulphur, and the percentage volume of the gas 
determined by analysis. 


I. Experiments conducted in an almost air-tight chamber of 
890 litres capacity. 


Experiment 1. Percentage volume of sulphurous acid at the 
beginning of the experiment, 0°986 ; after 3} hours, 0:930. 


‘Test Organisms. Minutes of Exposure. 
Micrococci contained in the blood of } a Dry ... 1, 2%, 5*, 105, 15%, 20,30 


ἃ guincapig, dried upon threads... [ s Mont. 1ν, 3. δ 





Experiment 2. Percentage volume of sulphurous acid at the | 


* This statement is somewhat misleading. Judging from Dr. Koch's experiments 
with carbolic acid one would certainly expect to fiod bacilli in wounds treated anti~ 
septically, because the spores would not be killed, while one would equally 
micrococci to be absent, because they are readily destroyed. Bat exactly the 7 





micrococci are frequently found. "The explanation of this fact is, 
in my paper in the Path, Trans., vol. xxx. and in my Antiseptic Treatment of. 


As an antiseptic in wound treatment carbolic acid is much more sa 
‘would be supposed from Dr. Koch's experiments,—Ep, 
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beginning of the experiment, 1*0; after 24 hours, 0°75; after 72 
hours, 0°54. 


Minutes of Exposure. 
Anthrax bacilli (dried upon silk thread) ............... 8, 10, 12*, 15*, 20*, 80, 40 


Anthrax spores (dried upon strips οὗ filter-paper) Unaffected by 72 hours’ 
Spores of potato bacillus (dricd upon strips of exposure, 
filter-paper)........cccceccssscsscsccecssscescesscosceeees 


Experiment 8. Percentage volume of sulphurous acid at 
beginning of experiment, 6:18; after 24 hours, 4:88; after 72 
hours, 4°47; after 96 hours, 8:8. 

Results :—Anthrax spores, earth spores, and spores of the 
hay bacillus were unaffected by 96 hours’ exposure, in the dry 
state. 

Experiment 6. Percentage volume of sulphurous acid at 
beginning, 0:190 ; after 24 hours, 0:119; after 48 hours, 0:100. 


Results. 
Test Organisms, Hours of Exposure. 
Micrococcus prodigiosus (À)............... eere eee 4, 20, 28, 18 
» » (B) vcccccssccccsccsccssssssccsseserees 4, 20*, 28*, 48* 
Bacteria of blue pus (A)..................... eere 4, 20, 28, 48 
» » (B) ...csssccercsscosenccnccsersscesees 4, 20*, 28*, 48* 


In this and the following experiment one sample of each 
variety (A) was exposed upon the under surface of a slice of 
potato, the other (B) upon the upper surface. 

Experiment 7. Percentage volume of sulphurous acid at 
commencement, 0:84; after 24 hours, 0:55; after 48 hours, 
0:302. Excess of moisture was present. 


Test Organisms. Results. 


Hours of Exposure. 

Anthrax bacilli (upon silk threads) ..................... Ι, 9, 4, 24, 48 
Micrococcus prodigiosus (À)  ................. eese. 1, 2, 4, 24, 48 
" » (B) ................ eere 1, 2, 4*, 24, 48 
Bacteria of blue pus (A) ....................... e. 1, 2, 4, 24, 48 
(B) .................... eee 1, 25, 4, 24, 48 

Anthrax spores ..............eeeeeeeeeeeee eere nen nnn neta 1, 2, 4, 24, 48 
Earth spores ............cccscsceenscccsccccecscsccrersveescveves 1, 2, 4, 24, 48 


Experiment 9. 26 grammes of sulphur were burnt. The 
percentage volume of sulphurous acid shortly afterwards was 
4°66; after 6 hours, 3°16; after 24 hours, 8:28. 

The atmosphere in the disinfecting chamber was saturated 
with moisture. 





IL Experiments in an ordinary room. 


Experiment 4. Percentage volome 1 hour after setting fire 
to the sulphur, 2°89 ; after 24 hours, 0°02; after 48 hours (end 
of experiment), 001. 

"The test objects were cultivations of Micrococcus prodigiosus, 
pink yeast, and bacteria of blue pus. All these, though exposed 
freely, retained their vitality after 48 hours’ exposure. 

Experiment 5. Percentage volume of sulphurous acid half 
an hour after setting fire to the sulphur, 9:12; after 2 hours, 
125; after 22 hours, 0015. 

The test organisms, viz dried cultivations of Mi 
prodigiosus and of the bacteria of blue pus, were unaffected 
50 hours' exposure. 

Experiment 11. 3,690 grammes of sulphur were burnt 
room, and the percentage volume of the sulphurous acid 
duced was calculated to be 1056." About an hour | 
however, it was only 405, and after 3} hours 1:8. - 


* The common practice of allowing 1 Ib. of sulphur per 1,000 ὁ 
give theoretically a percentage volume of about I-,—B. A. Wy 
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The air of the room was saturated with moisture. 

Samples of anthrax spores and earth spores (some dry, some 
previously moistened as in Experiments 9 and 10) were placed 
in various parts of the room—e.g., in the centre, in corners, in 
the pocket of a coat, in crevices between boards, &c., &c. 

After 24 hours' exposure to sulphurous acid as above, one 
sample of anthrax spores (which had previously been soaked in 
distilled water) was so far affected as to grow more slowly than 
the rest when planted upon nutrient jelly; but all the rest, 
whether dry or moist, whether exposed freely or hidden in 
erevices, grew just as vigorously as those employed in the 
control experiment, which had not been exposed to sulphurous 
acid at all. 

These results show that for purposes of practical disinfection 
sulphurous acid is uscless. 

In the comparatively dry state (Experiments 2, 8, 6) spores 
of bacilli, and even Micrococcus prodigiosus and the bacteria of 
blue pus, survived protracted exposure, although (Experiments 
1, 2) anthrax bacilli were quickly destroyed if exposed directly 
to the action of the gas, in very thin layers—as, for instance, 
upon silk threads. The addition of excess of moisture (Experi- 
ments 1, 7) gave slightly better results. 

Preparatory moistening (Experiments 9, 10) was found to 
favour the action of sulphurous acid upon spores in a manner 
which it is not easy to explain. Dr. Koch suggests that there 
may be, outside the proper spore-membrane, ἃ mucoid covering 
which is capable of being softened by water or certain saline 
solutions, but not by water containing sulphurous acid. Thus 
ἃ solution of sulphurous acid being unable to penetrate this 
covering would have no effect upon the spores unless they were 
already thoroughly moist. Even here, however, uuder condi- 
tions far more favourable than occur in practice, there was no 
complete disinfection of spores of bacilli. In Experiments 4, 
5, 11 the conditions were more similar to those of actual 
praetice. The results show how rapidly the gas disappeurs when 
it is generated in an ordinary room. In Experiment 11, where 
the initial proportion of sulphurous acid was large, it failed 
almost completely to kill even those spores which were freely 
exposed after being thoroughly moistened. 

Sulphurous acid in aqueous solution.—11°4 per cent. by weight 





Since the three principal disinfectants (carbolic acid, sul- 
phurous acid, and zinc chloride) hitherto in common use prove 
to be unreliable, it becomes necessary to seek for others, and 
with this object a long series of experiments was instituted, 
the results of which are given in the following table. Anthrax 
spores (dried upon silk threads) were chosen as test objects, for 
the reasons already stated. The experiments are in many cases 
to be regarded merely as preliminary to further investigations ; 
for instance, salicylic acid and thymol ought to be further tested 
in aqueous solution, it having been found in the course of the 
inquiry that certain reagents which possess some power in 


aqueous solution lose it when dissolved in alcohol or oil. ] 
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Reagent. Solvent. | Strength. Days M Eibosure. 

Distilled water pre | 90 
Alcohol 

! 8 

Acetone 2 δ᾽ 

1 Glycerine » 10 
Butyric acid » 5 
Oil. - » 90 
Bisuiphide of carbon - » 20 
Ohluroform - » 100 
Benzol... - » 30 
Petroleum ether - » δ 
Oil of turpentine - » 1 δ 
Chlorine ? 1 
Bromine » 2 per cent. T 
Iodine... » ? 1 
Hydrochloric acid » 2percent, | 5 10 
Ammonia » ? 10 
Ammonic ehloride » Bpercent | 35 
Bodie chloride 5 | Goncentrated. | 40 

| Calcic chloride 5» | Concentrated. | 40 

| Raric chloride per cent. | 100 

| Ferric chloride 5 per cent. o6 
Potassic bromide » Spercent. | 25 

| Potassic iodide » 5percent | 80 
Mercuric chloride. » 1 per cent, t 
Amenic » O1percent. | 6 τὸ 
Lime water " ? 10 15% 305 7 
Chloride of lime » 5 per cent. 1e $9 δ 
Sulphuric acid » 1percent | 8 105 305 Ὁ 
Zinc sulphate » Spercent, | 1 5* 10* 
Capric «ulphate » bpereent. | 1 δ᾽ 10» 
Ferrous sulphate. » Bpercent | 6 
Aluminic sulphate » Bpercent. | 12 
Alum " 4percen | 12 
Potassic chromate... > bpercent | 2 
Potassic bichromate » Bperont. | 2 
Chrome alum » percent. | 2 
Chromic acid. » lperomt | 2 
Potassic permanganate » 5 per cent. 1 

» » " pront | 2 
Potassic chlorate » 5 per cent. 
io acid... » 1 per cent. 

Boracic acid » Spercent. | 2 6*10 
Borax M Bpercnt. | 16 
Sulphuretted hydrogen M ? 1 δ᾽ 
Ammonic sulphide » ? 2 
Oil of mustard " ? 5 105 
Formic acid » |8pGri00| ? 
Acetic acid » Spercent. | 5 
Potamic acetate » | Concentrated. | 10 
Plumbic acetate » Spercent, | 12 
Potash soap » $percent, | 12 
Lactic acid.. " 5 per cent. 5 














; germs oug i 
after Wing for & few days in ‘water, but both i in n distilled x water 
and in drinking water anthrax spores remained for months with 
unimpaired activity, as determined by cultivation upon gelatine 
and inoculation of mice. 

Bisulphide of carbon, ether, chloroform, benzol, petroleum- 
ether, and oil of turpentine were tried in the hope that they | 
might act upon the contents of the spores, which must be 
regarded as containing much fat and but little water. It is note- 
worthy that ether and oil of turpentine, both ozonizing agents, 
are the most active of this group. Further experiments showed 
that the vapour of oil of turpentine failed to affect earth 
in 60 days, and ten days’ exposure of anthrax spores to 
containing a few drops of oil of turpentine, with frequent 
gave a similar negative result. Possibly in some other 
for instance in conjunction with dry or moist heat, this 
may prove useful. 

It is surprising to find that among reagents which h 
regarded as destructive to organic life, some proye | 
as regards anthrax spores, e.g., hydrochloric acid 
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PARTS PER MILLION. 





R nt. Development of Anthrax 
Impeded. Arrested. 

Sodic chloride ............................-. 15,500 * * 42,000 insufficient 
Iodine ................. eee eene nnns 200 ? 

Bromine .................... eere eee enne 666 ? 

Osmic acid .................... .c eere 6 ? 

Potassic permanganate .................. 830 114 

Mercuric chloride........................... 1 8 

Potash soap ........................ eee 200 1,000 


Mercuric chloride heads the list, since even in the enormous 
dilution of 8 parts per million it entirely arrests the development 
of anthrax bacilli. 

Allyl alcohol also has extraordinary power in extreme dilution, 
and oil of mustard is even more active. The excessive volatility 
of these bodies renders exact determinations difficult, but in air- 
tight vessels still more minute proportions than those here 
given would probably suffice for the preservation of articles of 
food. 

Quinine impedes the development of anthrax bacilli at a dilu- 
tion of 1,200 parts per million, and entirely prevents it at 1,600 
parts per million. These figures agree fairly well with the 
results obtained by Moczutkowsky, who found that 2,000 parts 
per million of quinine was necessary in order to destroy the 
spirochsets of relapsing fever, and calculated that the dose of 
quinine required to destroy the spirochsete in the blood of a man 
suffering from relapsing fever would be 12 to 16 grms. If 
quinine wore given internally with the intention of acting upon 
the anthrax bacilli in a case of malignant pustule, it would be 
necessary to take thirteen times the above dose, since the entire 
body, and not merely the blood, has to be taken into account. 
Such calculations serve to show the necessity for caution in 
advocating the therapeutic use of antiseptics. 

If ἃ reagent be intended to restrain bacterial growth in the 
5,000 grms. of blood of an adult, it must first be proved that in 
quantity not exceeding the maximum permissible dose it is able 
to keep 5,000 grms. of blood, or of cultivating fluid of similar 
composition, free from bacteria. Having thus established the 

SS 





phide of calcium gave a slight precipit: 
million impeded growth. 

Sulphide of potassium gave a heavy precipitate; 500 parts 
per million impeded growth. 

Among the reagents which caused precipitation were chloride 
of lime, alum, ferrous sulphate, zine chloride, and plumbic 
acetate. 


The result of both series of experiments is to show that the | 
only real disinfectants (i.c, reagents capable of destroying 
micro-organisms) available for practical purposes are chlorine, l 
bromine, and corrosive sublimate, while the most potent *'anti- 
septies " (i.c., reagents preventing the growth of micro-organisms) | 
are mercuric chloride, certain ethereal oils, and allyl 
How far these can be practically utilized, and for what 
purposes respectively, are points for future research. 
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Since sulphurous acid cannot in future be relied upon for the 
disinfection of rooms, it becomes necessary to return to chlorine 
and bromine, which have latterly fallen ulmost completely into 
disuse. The following experiments seem to show that bromine 
is, of the two, the more effective. 

Anthrax spores and earth spores were suspended a few centi- 
metres above the surface of bromine water, chlorine water and 
alcoholic solution of iodine respectively, in closed vessels. 
Some of the spores were taken out at different times and planted 
on nutrient jelly. 


Days of Exposure. 


Antbrax Spores. Earth Spores. 
Bromine, 2 per cent. in water............ eere 1 1 
Chlorine water .............. eene eee eene nenne ne no 1, 2 1,2, 5 
Iodine, 2 per cent, in alcohol ........................ 1,2, 5 1, 2, 5, 10 


Moist heat affords the best means of disinfecting movable 
articles of moderate size, such as bedding, clothing, &c.; but for 
very large objects, such as railway carriages, other mcthods must 
be found. In order to ascertain whether bromine would answer 
this purpose, anthrax spores were laid upon a smooth board 
and bromine solution (2 per cent.) was poured over them and 
allowed to evaporate slowly, which took about half an hour. 
After the first application the spores yielded a diminished 
growth upon gelatine, and none after a second. These con- 
ditions were, however, more favourable than could occur in 
practico, and therefore a rough board was substituted, and 
the bromine water applied in the form of spray, which dried 
in 8 few minutes. It was then found that four applications 
of & concentrated (i per cent.) solution were necessary before 
the spores were destroyed. In the proportions used in the 
experiment six grammes of bromine would be needed for 
each square metre, or 24 grammes for the (minimum) four 
applications. The internal and external surfaces of a railway 
carriage amount to about 100 square metres, so that disinfection 
by this method would be very costly. The spray would have to 
be applied not less than five times, and cach appliention would 
cost about five shillings, at the present price of bromine. 

Mercurie chloride alone remains, therefore, where heat and 
gaseous disinfectants areinapplicable. That it has hitherto been 





d appears 
that the reagent may produce an effect upon those spores which 
it does not destroy. Silk threads containing anthrax spores 
were exposed for ten minutes to 1 per 10,000, 1 per 20,000, and 
1 per 50,000 solutions of mercuric chloride, respectively ; then 
"washed in alcohol and introduced beneath the skin of mice. All 
three mice died of anthrax, the first upon the 5th day, the 
second upon the 4th day, the third upon the 2nd day. The two 
stronger solutions had, in addition to killing some of the spores, ὁ 
so affected the rest as to retard their development in some 
unexplained way, but the third mouse died as early as in the 
control experiment. 

In a repetition of this last experiment the solutions were of 
the same strength, but the spores were left in them for an 
‘The first mouse remained alive; the second died between 
Srd and 4th day, and the third died after 40 hours. Here 
retardation affected the third mouse also. í 

Garden earth was completely sterilized by a spray 
1 part of mercuric chloride in 5,000 parts of water. 
spray of 1 in 10,000, mycelium developed upon the 
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Hot air at 100° C. disinfected only objects of emall thickness, spread out and freely 
exposed for several hours. 


À current of steam at 100° C. disinfected in 15 minutes, but should in practice be 
continued for an hour. 
Boiling in water disinfected in 10 minutes, 
Α 0°2 per cent. solution of mercuric chloride failed to disinfect an equal volume of 
sputum in 24 hours, owing probably to congulation. 

Absolute alcohol was only effective when in large proportion, not lese than 6 volumes 
to 1 of sputum. 


An equal volume of 5 per cent. solution of corbolic acid gave complete disinfection 
in 24 hours, 


A eaturated solution (82 per cent.) of aniline disinfected one-tenth of its volumeaf 
sputum in 24 hours. 

Hence the two substances most useful for the disinfection cf fresh sputum 
carbolic acid (b per cent. watery solution) and aniline oil (saturated watery 
and of these carbolic acid is the more satisfactory. 

It is noted that in spite of the action of putrefactive organisms, the 
retained its virulence for six weeks in the moist state, and for three months | 
‘upwards if dried, 


IL—DISINFECTION BY HOT AIR. 


By Dr. R. KOCH AND Dr. G. WOLFIIÜGEL. 
(Mittheilungen aus dem K. Gesundheitsamte, vol. i.) 


--..2ὁὲ-.  -. 


THE object of the following experiments was to ascertain 
whether hot air would maintain its high reputation as a disin- 
fectant when subjected to the crucial tests now at our disposal. 
No process of disinfection can be accepted as reliable in all 
cases, until it is shown to have the power of destroying the most 
resistent micro-organisms within a reasonable time and without 
seriously injuring the articles requiring disinfection. Specimens 
of various microbes, including the highly resistent spore-forms 
of bacilli, were exposed for measured periods to known tem- 
peratures, and then transferred to a suitable cultivating medium. 
The result was in every instance compared with that of a control 
experiment, similar in every detail save in the exposure to heat. 

Two hot-air chambers were employed for the purpose of these 
experiments. The smaller had a cubic capacity of 6886 cubic 
metres, the larger 9540 cubic metres. Both were heated by 
means of coils of copper tubing lining the interior, through 
which compressed steam was passed, at a temperature regulated 
by the pressure. The maximum pressure allowed by the 
strength of the boiler was δὲ to 6 atmospheres, and this gave 
a temperature of about 140? C. within the hot chamber. 

A preliminary experiment showed that the distribution of heat 
was very unequal, thermometers in different parts of the 
chamber registering temperatures ranging from 1197? C. to 
181:5? C. 


Experiment 1. 


Duration, 1} hours. Initial temperature of the oven 66° C., 
final 113° C. 





B. Spores of bacilli (including amongst spores 
potato-, hay-, and anthrax bacilli, and garden earth), were 
unaffected, except that in the case of anthrax the growth was 
retarded, though abundant. 

C. Spores of fungi, including Penicillium glaucum, Aspergillus 
niger, and Botrytis vulgaris, were completely destroyed 

D. The samples of earth spores and spores of hay- and © 
potato- bacilli which had been employed in the first experiment 
were again subjected to heat, but still without effect. 

Tyndall found that hay infusion, which is extremely difficult 
to sterilise on account of the spores of bacilli contained in it, 
could be freed from these by repeatedly heating for a short time 
to a point below 100° C., and it has therefore been g 
that objects to be disinfected should be treated in this 
Hay infusion is, however, not merely a carrier of germs, 
also a cultivating medium, so that the spores which 
destroyed by the first heating must sooner or later deve 
bacilli, in which state subsequent moderate heating will. 
destroy them. Almost all objects requiring 
merely carriers of germs, and not cultivating n 


Bs. 
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the spores clinging to such objects withstand the first heating 
they still remain as spores, and are as little affected by the sub- 
sequent heatings as by the first. Even if the objects were 
moistened, there would still be no pabulum for the micro- 
organisms. 


Experiment 8. 


Duration, 1 hour. Initial temperature of oven, 187° C.; final, 
143°C. Test objects exposed as before. Anthrax spores after ex- 
posure gave a retarded and somewhat scanty growth upon gela- 
tine, but earth spores and spores of hay bacillus were unaffected. 


DISINFECTION OF LARGER OBJECTS. 


Experiment 4. 


Duration, 8 hours. Initial temperature, 142° C. ; final, 148° 
C. The test objects were— 

A. A paper parcel, containing a number of open test-tubes, in 
which were spores of various bacilli, and a maximum thermo- 
meter. 

B. A roll of blanket, 72 cm. by 86 cm.; samples of garden 
earth and anthrax blood, and a thermometer, were placed at the 
centre. 

C. A linen bag, containing samples of various fabrics. 

The results were as follows :— 

A. The thermometer indicated 145° C. All the spores, 
including anthrax and earth spores, were killed, showing that 
three hours’ exposure to hot air at 140° C. destroys the spores of 
bacilli. 

B. The temperature in the centre of the bundle had not 
exceeded 70° C., and the samples were unaffected. The interior 
of the bundle was very moist. 

Thermometers were also inserted at intervals of 4 layers of 
blanket. The temperatures recorded were, 70° C. (at centre), 
72° C., [94° C.], (944? ΟἽ, [95° C.], 793° C., and 984° C. (beneath 
4 layers only). The indices of the 8rd, 4th, and 5th thermo- 
meters had only been shaken down to about 95° C. 





stion are more or less injured 
In a repetition of this part of the experiment, the fabrics were 
directly exposed for three hours to a temperature of 135° to 140° 
C., the effect upon them being in all respects the same: as before. 


Experiment 5. 


Duration, 8 hours. Initial temperature of oven, 123° C.; 
final, 149? C. Η͂ 

Thermometers, together with samples of garden earth, anthrax 
spores, Micrococcus prodigiosus, and bacteria of blue pus, were 
enclosed in each of the following :— 

A. A bag containing cloth and linen garments, 25 cm. in least 
diameter. " 
B. Two blankets suspended by the centre, and loosely 

together by a cord. Diameter, at level of thermometer, 20 
C. A roll of cotton-wool ; diameter 18 em. ^ 
* For more extended observations upon 

texture, and strength of fabrics, see Ransom (Brit, Med. Journal, 


Chaumont (Lancet, Dec. 11, 1875), and Vallin (Traité des 
B.A. W. . 
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D. A coat and a woollen shirt, rolled lengthways, the coat 
outside; diameter 18 cm. 

E. A blanket, very dry, rolled up into a bundle 75 cm. long 
and 12 cm. in diameter. 

F. A bundle of tow in a linen bag; 27 cm. in least diameter. 

G. A larger bundle of tow, bound with cord; 50 cm. in least 
diameter. 

H. An open vessel, in which the test objects were exposed to 
the full heat of tho chamber. 

Results.—The temperatures attained were respectively, 121° 
C., 118? C., 111? C., 90? C., 889 C., 77? C., 74? C., and 189? C. 
In every instance Micrococcus prodigiosus and the bacteria of 
blue pus were destroyed, but earth spores and anthrax spores 
were unaffected, except in the open vessel (H), where the tem- 
perature (139° C.) had been sufficient to completely destroy 
them. 

This shows how slowly heat penetrates into the interior of 
bundles of moderate size, even if only loosely packed. Woollen 
and other hygroscopic articles offer the greatest resistance. 


Experiment 6. 
Duration, 9 hours. Initial temperature, 181? C. ; final, 147° 


Garden carth and anthrax spores, with a maximum thermo- 
meter, were placed in the centre of each of the following :— 





Temperature Resulta, 
attained at 
centre. 
Anthrax Earth 
pores. Spores. 
A bag containing soiled linen—two of the 
articles rather damp—32 by 19 by 15cm.| 79? C. X x 
A pillow loosely filled with feathers ; thick- 
Dess 2A Cin.  ..cescsceccsccevensecenwsccnceesenss 100° C. x X 
A coat, loosely bound with cord, forming ἃ 
bundle 15 cm. in thicknesa.................. — x* X 
A blanket, suspended loosely by the middle| 1409 C. 0 0 
A horse-hair mattress, 14 cm. thick ......... 183° C. 0 x* 
0 No growth. 


X* Scanty growth, in isolated colonies. 
X Growth as abundant as in the control experiment. 


This experiment shows that articles which are compactly 





12 layers of blanket, retained their vitality in both cases. 

B. A roll of flannel, 15 cm. in diameter. About 40 layers. 
The thermometer at the centre reached 88? C. Micrococcus 
prodigiosus was killed, but anthrax and earth spores remained 
unaffected. The centre of the roll was damp. 

C. A roll of coarse black cloth, damp, 8 cm. in diameter. 

The central thermometer indicated 81? C. Spores of bacilli 
were unaffected, but Micrococcus prodigiosus was killed. The 
roll was dry externally, but very damp within. 

D. Fur, folded lengthways, with the hair outwards, and tied 
with cord. 

Became hard and dry externally, rather moist within. The 
temperature at the centre reached 86° C.; anthrax and 
spores placed there were unaffected. 

E. Earth and anthrax spores freely exposed, in a vessel. 

The thermometer indicated 188? C., and all the spores wer 
killed. 
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Experiment 9. 


Duration, 4 hours. Initial temperature, 110° C. (after 80 
minutes 180° C.); final, 140° C. 

A. Seven thermometers were buried in compressed tow, at 
distances from the surface varying from 8} to 824 cm. The 
readings, after heating, ranged from 76° C. to 79° C. 

B. Sheepskins rolled into a bundle 1 m. long and 1:8 m. in 
circumference, and corded. 

The temperatures recorded were—beneath 1 layer, 96? C.; 
3 layers, 84° C.; 5 layers, 74° C. ; 7 layers, 74? C. 

C. A large roll of canvas, corded, measuring 1 m. in length 
and 1:15 m. in circumference. 

The temperatures recorded were—beneath 20 layers, 86? C. ; 
beneath 80 layers, 72? C.; beneath 880 layers, 28? C.; and 
beneath 410 layers, 201? C. 

The outer 40 layers were dry and hot ; next came hot and 
moist layers, but beyond 150 layers the heat and moisture con- 
stantly diminished, the centre being cool and dry.* 


The most important conclusions from these experiments are— 

1. Sporeless bacteria are destroyed in 1] hours by hot air at 
& temperature slightly exceeding 100? C. 

2. Spores of fungi require 14 hours at 110? to 115? C. 

8. Spores of bacilli require 8 hours at 140? C. 

4. Heat penetrates so slowly that even for articles of moderate 
size, such as pillows, 8 to 4 hours' exposure at 140? C. is 
insufficient. 

5. Exposure for 8 hours to 140? C., which is necessary for 
thorough disinfection, damages most fabrics more or less. 

* The maximum duration of these experiments (4 hours) falls considerably short 
of the limits usually adopted in this country for the disinfection of bulky or compact 
objects. Such objects ure commonly exposed to hot air at 250° or 255? F. for eight or 
even twelve hours. 

Dr. Ransom (loc. cit.) experimenting with objecta about 5 inches in thickness, viz , 
horsehair pillows, fluck pillows, and folded blanket, found that the internal tem- 
perature came within 10? or 209 F. of the temperature of the oven in three or four 
hours or less, if the objects were dry, but that e'ght or ten hours’ exposure was often 
required if the objecta were at all moist.—B. A. W. 





4.—BTEAM UNDER PRESSURE. 


The apparatus used consisted of a closed iron vessel, 20 cm. 
in diameter by 40 cm. in height, filled to about one-fifth of its 
capacity with water, and heated by gas burners. 


1. Preliminary Experiments. 


Flasks of cold water were suspended in the steam, which in 
1 minutes reached 120° C., and was maintdined at thet 
point for 80 minutes; the water in a flask 4} cm. in diameter 
had then reached 102° C., but in one 12 cm. in diameter 
only 85° C. e. 

A litre flask filled with cold water, and exposed to steam 
197? C., had not reached 65? C. in half an hour, but an r 
exposure to steam at 120? C. raised the temperature to 115 

Hence it must not be assumed that bodies exposed to 
readily attain the temperature of the steam, and we 
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with the greatest reserve the cases in which hay infusion is said 
to have been heated hy steam to a temperature of 100? C. 
for hours without being sterilized. 

The same considerations apply to solid bodies similarly 
treated. A moist clay ball, 10 cm. in diameter, in the centre of 
which was the bulb of a maximum thermometer, was exposed to 
steam, which in 80 minutes reached 120° C., while the index 
of the thermometer embedded in the clay had not reached its 
lowest graduation, viz., 65? C. 

A roll of coarse black cloth 25 cm. by 8 cm. was exposed to 
steam, which in 30 minutes reached 120? C. The temperature 
at the centre of the roll had not then risen to 65? C., but 
the steam being raised to 126° C., and kept at that temperature 
for 80 minutes more, the temperature within the cloth rose to 
118? C. 


9. Action of Steam (under pressure) upon Spores freely exposed. 


In a series of experiments, the results of which are given in 
the following table, samples of garden earth, and silk threads 
impregnated with anthrax spores, were exposed freely to the 
steam within the closed vessel :— 

Rerult. 


Duration of Exposure 
Temperature of 5team. [ut given Temperature. —- 





Anthrax Spores. Earth Spores. 
120? C, 80 min 0 0 
110? » 0 0 
1109 80 ,, 0 0 
1105 2 Q 0 
up to 110° — " 0 0 
105° 80 ,, 0 0 
s TE 
up to 105° — " 0 | I 
1 80 ,, 0 e 
1ug? 20 ,, 0 se 
100° 10 ,, 0 +* 
up to 1009 — 0 J-** 
95? 10 ,, 0 +s 
Upto 95° — +* + 
909 10 ,, +* + 
up to 909 — ++ + 
Ι 
0 No growth. 


“ Growth as abundant as in the control experiment, 
+-* Growth delayed, but abundant, 
-]-** Scanty growth, in isolated colonies. 





1209 C. 
1109 C. 





The contrast is very marked. With hot air, four hours’ 
exposure to a temperature of 130? to 140° C. only brought th 
internal temperature of a small roll of flannel to 83? C., and 
no way impaired the vitality of spores of bacilli placed at 
centre; while exposure to steam at 120? C. for 14 hours 
the internal temperature to 117° C., and killed the 
Even 1 hour at 110? C. sufficed to raise the temp 
centre to 964° C. and to destroy anthrax spores 
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It is plain, therefore, that steam acts much more powerfully 
than hot dry air upon spores, and penetrates porous objects 
more rapidly and deeply. 

From the table on p. 527 it will be seen that anthrax spores 
were killed by steam at 100° C. in ten minutes, and that of the 
species of spores present in garden earth only one (forming a 
short thick bacillus when cultivated) survived the same process. 
Although 80 minutes’ exposure still failed to destroy these last, 
the results make it highly probable that exposure for an hour or 
more would be sufficient to destroy the most resistent organisms. 

Complete disinfection would thus be obtained within a short 
space of time, and with the further great advantage that since 
the temperature need not exceed 100° C., only a very simple 
apparatus, not necessarily steam-tight, would be required. 


B.— STEAM AT ATMOSPHERIC PRESSURE. 


l. Preliminary Experiments. 


It was found that the temperature varied from 98:3? C. to 
99? C. in different parts of a vessel of boiling water, and from 
97? C. to 97:6? C. upon the intensity of the source of heat being 
diminished, so that ebullition affords no certainty that the 
temperature of the water has in all parts reached the boiling 
point. 

Steam generated at the bottom of a deep vessel had a tem- 
perature of 70° C. to 78° C. 1 cm. above the surface of the boiling 
water, while in a shallow vessel, in which the steam mixed readily 
with the air, the temperature at a similar level was 10° C. lower 
than this. 


2. Disinfection of Spores fully exposed. 


A glass flask was employed, the neck of which was prolonged 
by means of a glass tube fitted into it. When water was made 
to boil briskly in the flask, the temperature of the steam, even 
within a few cm. of the upper end of the tube, reached 100? C. 

Anthrax and earth spores were wrapped in filter paper, and 
suspended 40 cm. above the surface of the boiling water. 

Earth spores were completely destroyed in 15 minutes, and 

SA 





The pne recorded here show that the spores of bacilli 
withstand steam at 100? C. for a few minutes only, and any 
apparent exception is due to the temperature falling short of 
this point. A few minutes longer may, however, be required 
when the spores are encased in some dry resistent material, 
which has to be dissolved or moistened by the steam before the 
spores are affected, We may thus explain the longer time re- 
quired for the destruction of earth spores, as compared with | 
anthrax spores. 










3. Disinfection of larger objects. 


Water was boiled in an iron vessel 40 cm. in height by: 20 cm. 
in diameter. Resting on this was a cylinder 20 cm. in 
and 1} metres in height, bearing at its upper end a 
cap with a narrow aperture. The temperature was found to 
100° C. in all parts of the interior of the apparatus. 

Small packets of earth, each accompanied by a 


* Schill and Fischer (loc. cit.) found that tubercular sputum was. 
15 minutes. 
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were enclosed in the following objects, which were so placcd in 
the cylinder that steam passed freely around them on all 
sides :— 

1. A roll of canvas, 87 cm. long by 17 cm. in diameter. 

2. A tightly bound bundle of tow, 26 cm. by 14 cm. 

8. A roll of black cloth, 25 cm. long by 8 cm. in diameter 
(vide p. 528). 

4. A roll of flannel, 25 em. by 15 cm. (vide p. 528). 

A flask, containing three litres of cold water, was also placed 
within the cylinder. 

In about twenty minutes the temperature of the steam issuing 
from the openiug rose to 100? C., and the experiment was con- 
tinued for thirty minutes more. 

Tho flask of water had then attained & temperature of 100? 
C., in marked contrast to the result of the experiment with 
compressed steam at 127? C., which in thirty minutes only 
heated the water to 65? C. 

All the objects were damp throughout, but dried rapidly upon 
being unrolled. Each of the thermometers indicated 100? C. 

One of the three samples of earth enclosed in the canvas 
roll yielded a solitary colony of bacilli when transferred to 
nutrient jelly, showing that the temperature had not, at that. 
particular point, long reached 100" C. All the other packets, 
including one more deeply placed in the canvas roll, were- 
completely sterilized. 

Blue cloth was found to have become lighter in tint, but red 
silk, jute, and horse-hair were unaltered. Leather became: 
shrivelled, hard, and brittle. Writing paper suffered very little, 
having merely become dull and slightly yellow. 

4. The experiments were continued upon a larger scale in an 
apparatus of similar construction to the former, but measuring 
50 cm. in diameter and 250 cm. in height. Although the 
precautions against loss of heat were very imperfect, it was 
found practicable to obtain a temperature of 97? C. and even 
98? C. at the outlet by applying 22 gas-burners, but beyond 
this point an increased number of burners was of no avail. 

The following objects were prepared :— 

A. A roll of canvas, 50 cm. by 80 cm.; thermometers and 
packets of earth were placed at the centre and at regular 
intervals of 80 layers of canvas—at five points in all. 


iat 





seven on samples of earth, the five outer were completely sterilised, 
but the two inner, including the central specimen, gave a much 
retarded and very scanty growth of short thick bacilli. 

5. Finally, it was sought to compensate for the loss of heat 
(from imperfect insulation of the apparatus) by generating steam 
at a higher temperature than 100° C. Instead of pure water, 40 
litres of a 25 per cent. solution of sodie chloride were heated by 
30 burners. The roll of canvas was prepared and placed as 
before, with extra thermometers, freely exposed to the steam, 
below and above it. 

Within an hour the outlet thermometer indicated 92° C., in If 
hours 97° C., and in 1$ hours 99° C.; in 2} hours it reached 
100° C., and remained at that point until the end of the experi- 
ment, three hours later. 

The temperature below the canvas roll, 70 em. above the 
boiling liquid, was 105°3° C.; above the canvas, 102° Q. - 
ihermometers enclosed in the roll indicated from without | 
101:5? C., 101°5° C., 100? C., 100? C., 100? C., 100* 
100? C. (centre), respectively. 
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All the spores, even at the centre, were destroyed. 

These results leave no room for doubt as to the form of disin- 
fection by heat which should be adopted in the future. The hot 
air apparatus is complicated and costly, and is untrustworthy 
when the objects to be disinfected are at all bulky, or folded, or 
wet.  Disinfection by steam under pressure at temperatures 
abcve 100? C. is open to the same objections, though to a less 
degree. In every respect exposure to a current of steam at 100? 
C. is a far more satisfactory method than either of the above. 
It is more certain, more simple, more rapid, more economical 
both in original cost and expense of working, and involves less 
injury to the articles to be disinfected.* 


* Virchow's Archiv, Oct., 1885, contains & report by Wolff of experiments with 
Schimmel'a and Bacon's disinfecting apparatus, in which hot air and current steam 
can be employed together or separately. Electric thermometers were used, to indi- 
cate the exact moment at which the internal temperature of bulky objects reached 
100° C. The results, which were very favourable, confirmed those of Koch and 
his colleagues. Wolff found that although steam was by far the more powerful disin- 
fectant, it was advantageous to employ hot air in conjunction with it, in order to 
avoid injury to fabrics, from condensation. The temperature in the disinfecting 
chamber ranged up to 155° C. ; the steam pressure in the boiler was about 2 or 8 
atmoapheres. It was found possible to raise the temperature at the centre of a tight 
roll of 22 blanketa (1 m. long by 0°5 m. in least dimension) to 100? C. in 70 minutes 
in one form of apparatus, and to 104? C. in 60 minutes in another. Moisture greatly 
retarded the penetration of heat.—B. A. W. 





in practical disinfection. 

I. PnzLIMINARY ExPERIMENTS.—À wide-mouthed cylindrical 
jar, containing 21°35 litres, was so arranged that it could be 
charged with chlorine to any desired degree by means of an 
aspirator. Test-objects were received in little cups attached to 
a central rod passing through the cork, for facility of intro- 
duction and removal. 

Chlorine was generated by the action of binoxide of manganese 
upon hydrochloric acid; or, when small quantities were required, 
by employing chlorine-water. The proportion of chlorine present 
in the air in the jar was determined analytically by passing . 
measured quantity through a solution of potassic iodide, 
estimating the liberated iodine by means of a standard i 
of sodic hyposulphite. 

The following Table summarises the results of 13 e 
made with this apparatus. The signs +, +*,—, 
after exposure to chlorine the vitality of the mi 
question was found to be unimpaired, impaired, or de 
respectively. 1 
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pon - 
organisms exposed upon threads. The difference i is attributable 
to the greater depth to which the chlorine had to penetrate in 
the former case. When, however, the object was thoroughly 
saturated with moisture, as in Experiment IL, or taken in 
an absolutely fresh state (like sarcine in Experiment VIL), 
chlorine readily destroyed all vitality. 

In Experiments IX., X., XL, XIIL, progressively smaller 
proportions of chlorine were employed, the test objects being in 
each case air-dried, and the air in the flask saturated with mois- 
ture at temperatures ranging from 14° to 16°C. The results | 
show that 0°32 per cent. sufficed to destroy all organisms tested | 
within three hours, whereas with 0°04 per cent. earth spores 
and orange sarcing still survived at the end of that period, but 
were destroyed within twenty-four hours. 

0:004 per cent. killed only Micrococcus tetragenus, A. ii 
niger, and bacteria of fowl-cholera, although it me 
activity of several others. 

Finally, Experiment XII. compared with XI. s] 
ferior results obtained with a comparatively dry 
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although the proportion of chlorine be somewhat increased. The 
difference in the effect upon earth spores and anthrax spores is 
attributed to the formation in the former case of ferric chloride, 
which is strongly hygroscopic. 

In some instances (Experiments IX. and XI.) it was found 
that, after exposure to chlorine, organisms would still grow upon 
potato, or, if inoculated, upon animals, but not upon gelatine. 
This is explained by assuming that some substance clings to the 
test object after its removal, which is so weakened by diffusion 
in the former cases as to be inactive, but upon gelatine does not 
diffuse, and therefore is able to inhibit the growth. This sub- 
stance may conceivably be hydrochloric acid, or some product of 
the action of chlorine upon organic matter. 

In air of moderate humidity 1 per cent. chlorine would kill 
all organisms within twenty-four hours, but disinfection under 
such circumstances would be somewhat uncertain. By arti- 
ficially increasing the moisture of the air a much smaller pro- 
portion of chlorine is needed. If the air is saturated with 
moisture 0°3 per cent. will completely disinfect in three hours, 
or 0°04 in twenty-four hours, provided that the objects to be 
disinfected are not too thick, and are not shielded in any way 
from the chlorine. 

II. Distnrection or Rooms ΒΥ MEaNns or CHLORINE.— 
Further experiments were undertaken in a cellar of about 28 
cubic metres capacity. The floor was asphalted, the walls and 
ceiling limed. The openings comprised an external window, & 
door, and two ventilating apertures provided with flaps. 

In order to be able to ascertain at all times the composition of 
the air within the room, glass tubes were carried from the centre, 
at different levels, into an adjoining room. Similar tubes were 
carried from the same levels, but beginning close to the window, 
into the open air. 

Chlorine was generated by acting upon bleaching powder by 
hydrochloric acid, this method being the cheapest, and requiring 
no heat. The sample of chloride of lime first used was found to 
yield 23 per cent. of its weight of chlorine, and to require 1 ce. of 
hydrochloric acid per gramme. 1 kg. of chloride of lime, with 
1 litre of hydrochloric acid, was calculated to yield 280 grammes, 
or 723 cc. of chlorine, and in the room in question six times 
these quantities were employed, giving theoretically 1°54 per 





Near ceiling. 
At mid level 
Near floor 





Mesn .. 








There was a distinct smell of chlorine in the room overhead 
during the experiment. 

At the end of twenty-four hours the door was opened. The 
walls and ceiling were not at all discoloured, nor was painted 
woodwork. Leather and woollen articles were wet, and dis- 
coloured in those parts immediately exposed. Silk and velvet 
were also discoloured, but white cotton and linen articles wert 
unaffected. In no ease did the strength of the fabric ar 
to be impaired. 

The results as regards the micro-organisms may be 
thus :— 


1. Those which were sheltered, as, for instance, by 
pocket of a coat or beneath a glass plate, were ux 
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2. Those which had been fully exposed to the action of chlorine 
were almost all destroyed, viz. :— 
2 out of 8 samples of anthrax spores 


2 , 8 » orange-coloured sarcing 
9 , 8 » pink yeast 
9 , 8 » Bacilli anthracis 
8 , 8 » bacilli of septicemia of mice 
8 , 8 " bacteria of septicemia of guinea-pigs 
9 , 8 » Micrococcus tetragenus 
19 21 


3. Those which had been wrapped in filter paper, but otherwise 
unsheltered from the chlorine, had, as a rule, retained their 
vitality. Only those which had been placed near the window 
or door were destroyed, viz. :— 

2 out of 6 samples of anthrax spores 


1 , 6 » garden earth 

2 , 6 » pink yeast 

8 , 6 » orange-coloured sarcine 

8 , 6 » Aspergillus niger 

2 , 8 » Micrococcus tetragenus 
18 88 


Although the proportion of chlorine was so much greater below 
than above (vide Table II.), there did not appear to be any cor- 
responding difference in the effect upon objects exposed. 

The immediate neighbourhood of the window and of the door 
appeared to have been favourable to disinfection. Since the 
distribution of chlorine was fairly equal in horizontal planes, as will 
be seen in Experiment II., it 18 suggested that the thinness, and 
perhaps permeability, of the partition at these points between 
the warm, moist, chlorinated air of the room and the compara- 
tively cold and dry outer air may have assisted the action of the 
chlorine by promoting the condensation of moisture, and perhaps 
also the more active interchange of gases. 

EXPERIMENT II.—In a second experiment further precautions 
were adopted, and the result was more favourable. 

The chloride of lime used on this occasion yielded only 21 per 
cent. of chlorine, and each gramme required 1°3cc. of crude 
hydrochloric acid for complete decomposition in the cold. 6 kg. 















Ι 
2) hours. 3) bours.| 4j hours. 24 hours. | Sra" 





àbour. [1 m 








Near ceiling .. 2 Οἱ 0178 | 0106 | Nil | 0442 
At mid level 0736 | 044; | 09239 | 0162 | Nil | 0-485 
Near floor 0653 | 0 0206 | (M5 | Nib | oer 

















Mean ....,1. 1:030 | 0630 | 0376 | 0207 | 0157 





The proportion of chlorine found to be present half an hour 
after the beginning of the experiment, though much greater 
than in Experiment I.—owing, no doubt, to better arrangements 
for generating it—was much below the theoretical 1:4 per 
cent. This is accounted for by the decomposition of the 
chloride of lime being still unfinished ; by absorption of chlorine, 
and its chemical action ; and lastly, by loss from leakage. Neat 
the ceiling there was found to be rather more, but near. 
floor rather less, chlorine at the window than in the 
the room. 

At the end of twenty-four hours the door was opened. 
walls and floor were moist. Several pieces of leather, 
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and articles of clothing (silk, cotton, and woollen), which had been 
exposed, were found to be moist, and for the most part discoloured, 
and so impaired in texture as to be readily torn. 

The effect upon the four varieties of micro-organisms was 
found to have been as follows :— 


1. The *'sheltered" samples of each variety, 9 in all, survived, 
except one sample of Aspergillus niger. 

2. Of those enclosed in filter-paper, one of each kind was moist, 
the other air-dried. In every irstance the former perished, 
and the latter survived. 

8. Of those more freely exposed, 22 out of 27 were killed, viz. :— 

14 out of 15 samples of earth spores 


2 ,, 4 » anthrax spores 
2 =, 4 » Micrococcus prodigiosus 
4 , 4 " Aspergillus niger 


The results were in some instances contradictory under appa- 
rently identical conditions, probably owing to some unexplained 
variation in the humidity of the air. 


Complete disinfection of rooms appears, therefore, to be unat- 
tainable by means of chlorine, owing partly to its slight power 
of penetration into crevices and fabrics, partly to the difficulty of 
saturating the air with moisture as completely as was done in 
the flask experiments. 

Nevertheless, chlorine may be of great value as a disinfectant 
in many cases, since it is at least capable of destroying all 
organisms, even the most resistent, which lie upon the surface. 
Hangings, &c., may be removed (for disinfection by means of 
steam), and the surfaces either washed with a solution of 
mercuric chloride or scraped. A preliminary partial disinfec- 
tion by means of chlorine would greatly lessen the danger 
to those employed in a subsequent and more thorough disin- 
fection. 

In all cases where a gaseous disinfectant is needed, chlorine 
is the best αὖ our command, being superior to both sulphurous 
acid and bromine. 





y 
All hangings, carpets, articles of clothing, &c., should be 
removed, and disinfected by means of moist heat. Not only 
does chlorine fail to destroy organisms hidden in them, but such 
fabrics are liable to be seriously injured by its action. 
Metallie surfaces should be smeared with some protective 
coating, such as varnish or vaseline. 


B.—BROMINE. 


The experiments were similar to those with chlorine, and 
the same apparatus was employed. 

In the preliminary flask experiments (Table a.) the air in the 
flask was charged with various quantities of bromine, determined 
in each case by analysis. The test objects were all placed at 
the same level in the flask on account of the irregular diffusion 


lime and 22 Ibs, of hydrochloric acid, per | 
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of bromine vapour. Specimens were removed at the end of one 
hour, three hours, and twenty-four hours, and tested as to their 
vitality. 





TABLE a. 
| Experiment Experiment Experiment | Experiment 
1. II. III. IV. 
| During first 
ning, 149/,.'4 houra vary-|4 hours vary- 





At begin- | During first 


Percentage volume of 


8:1 976. houra, 0:033 */, and | U-Uur 9 ig and 
bromine ...............«. 


At end of 8, | 0:21 99. 0:029 »; 0:002 

hours, 2*4 */,.| At end of 2141 end of 24 At end of ΕΣ 
hours, hours, hours, 

0 06 2 o* 0:012 ©, ,. 0-0006 °.. 





HR beginning, |At end of 8. ing between | ing between 


81 9/4 relative, 
Humidity of air in mel humidity at Saturated. | Saturated. | Saturated. 
16° 


Humidity of test objects... Air-dried. | Air-dried, | Air-dried. | Air-dried. 





Hours Hours. Hours Hours 

——— | oM Th Nite Te Eee 

1 8 1 8 24 δ 24 i 24 

, Anthrax spores (a)...... .. +x—- ./—- —- —|. —|. — 
» ge b TP | + + e =e OO e. + — . + + 
Garden earth (a) ............ tb ef oe Ἔχπ|. 4— 
(c) ............ 0x — . ἜΧΧ-. ||... Ἔχπι[. Ὁ oM 

. Tuberenlous sputum (d).. “| — T * —À X o . . e . . . 
Micrococcus tetragenus (a); . e. . . . e . _-_—_ . + — 
Micrococcus of ἘΠ LL _ _ 

Jibs... .c0cee coveseeeees (051 " "^ ° "o t f ° ° 

Bacillus anthracis ΜΝ (65) — . «« | m™ « € e —— j|. Ἔ  - 
enene- a ' Φ e . . . . e — -— e +x o— 





Tested, after exposure to bromine, by cultivation upon gelatine. 
inoculation upon mice. 
cultivation upon potato. 
inoculation upon guinea-pigs. 


a. 

b. 

c. os ” 
d 


In Experiment I. the air in the flask was more moist than 
that of the room at the time of the experiment, but 8 per cent. 
failed to destroy anthrax spores within three hours. 

Experiment II. shows that complete disinfection may be at- 
tained within three hours with 0°2 per cent. of bromine in an 
etmosphere saturated with moisture. 0°08 per cent. destroyed 








made during the experiment, with the Tollowing results :— i 


Taste b. 















Percentage of Bromine present at 
end of 





Ahour. | Mhours | 8) hours. | 24 hours. 





0:009 0-009. 0-018 | 0-00086 
(027 0-032 0.023 | "00006 
0912 Οὐδ 0027 | 0-00066 





0:026 0026 0-028 | 00005 











The slowness of the evolution of bromine accounts for the first” 
and second determinations giving results so nearly equal. 

The proportion of bromine was in every case far below 
per cent, and complete disinfection was therefore not to ἢ 
looked for. 

At the end of twenty-four hours the room was opened, - 
bromine was found to have attacked the metallic 
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to have stained wood and paper.  Woollen, cotton, and linen 
fabrics were very moist, discoloured, and readily torn. 

The aetion of the vapour upon the various micro-organisms 
employed as test objects was very irregular. 


Out of 18 samples of anthrax spores 5 wore destroyed. 


» Ld » garden earth 10 ,, » 
» 1.8 » pink yeast 6 , » 
» 18 » orange-coloured 

sarcinre 9 ,, » 
» 15 » Aspergillus niger 11 | ,, » 
( 3 » Bacilli anthracis 3 ,, » 
» 6 ” Micrococcus te- 

tragenus 9 , » 


Proximity to the sources of the bromine, and to the upper 
part of the window, seemed favourable to disinfection, no doubt 
owing to the greater concentration of the vapour there at first, 
and, in the case of tho window, to the moisture which condensed 
upon it. 

Those of the organisms which had previously been kept for 
twenty-four (or, still better, forty-eight) hours, in an atmosphere 
saturated with moisture, gave better results than those which 
were air-dried. 

ExrERIMENT II.— The same quantity of bromine was em- 
ployed, and in the same way, but the preliminary evaporation of 
water in the room only took place for one hour instead of two. 

During the experiment the windows became dry. The pro- 
portions of bromine found were as follows :— 


TABLE Ὁ. 





Percentage of Brumine pre-ent at end of 


] hour. | 2 hours. Ι ι3 hours. ! 4 hours, 5 hours. - 8 hours. log hours. 


—Ó = —— 


























Ceiling .............-. | voces | 00273 | 

Mid level ............ . (0613 | ("Udo (0724 | 09446 00331 ΟὍΟΚΙ + 000027 
Floor...............--- | vas U0946 ait ἘΠ 0-309 | 0-V100 000036 
| Mean ........ | omes (-0687 | 00594 | 00127 00384 


0:0079 | 0:00028 








The apparent loss was 86 per cent. of the theoretical pro- 
9S 
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the test objects to moist air, or even by merely wetting them, 
before disinfection. 

The inequality of diffusion is a grave objection to the use of 
bromine as a disinfectant. Not only is it difficult to obtain the 
requisite 0'2 per cent, but the presence of this average pro- 
portion in a room is no guarantee that in every part there is 
even an approximation to the necessary concentration. Where 
there are shelves or other mechanical impediments the diffusion 
would be still more sluggish. After a time the diffusion tends 
to become more uniform, but meanwhile the proportion is be- 
coming less, and the period of most active disinfection is past. 
For purposes of practical disinfection, chlorine is to be preferred 
to bromine, especially as the expense is less. In the preceding 
experiments the proportion of chlorine needed for complete dis- 
infection was obtained at ἃ cost of 0°15 marks per cubic metre,* 
whereas in tle case of bromine the proportion which cost 0°18 
marks per cubic metre was only one-third of that required. 


* About 4d. per 1,000 cubic feet.—B. A. W. 
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DAWSON WILLIAMS, M.D. 


I.-THE ATTENUATION OF THE VIRUS OF 
FOW L-CHOLERA.* 





Amona the various facts which I have had the honour of 
communicating to the Academy regarding the disease commonly 
called fowl-cholera, I take the liberty of recapitulating the 
following :— 

Ist. Fowl-cholera is, in the highest degree, an infective 
disease. 

2nd. The virus is a microscopic parasite which can be easily 
multiplied by cultivation outside the body of those animals which 
can be affected by the disease. Hence the possibility of obtaining 
the virus in a condition of perfect purity, and an irrefutable 
demonstration that it is the sole cause of the disease and of 
death. 


* “De l'atténustion du virus du cholera des poules," par M. L. Pasteur, Comptes 
Rendus, tome xci. p. 678. (Séance du Mardi, 26 Octobre, 1880.) 

In ἃ communication made to the Academy of Sciences on February 9tb, 1880, M. 
Pasteur, after speaking at some length on the dependence of fowl-cholera on a micro- 
organism which grew readily in chicken-infusion without any alteration in its virulent 
properties, stated that by making a certain change in the method of cultivation it 
was possible to bring about a diminution in the virulence of the m'cro-organism. 
This diminution in virulence was accompanied by a elight decrease in the rapidity 
with which the growth of the micro-organism took place, but by no other visible 
change. Yet the fowls inoculated with theattenuated virus suffered from the disease 
but recovered, while those inoculated with the unaltered virus all died ; after recovering 
from the effects of the attenuated virus, the birds were incapable of being infected 
by the disease again. 

M. Pasteur pointed out that this observation might be compared with the practice 
of variolisation (or inoculation for small-pox) universally followed before the dis- 
covery of Jenner; variola was inoculated to preserve from variola, just as at the 
present time in certain countries sheep are inoculated with sheep-pox (variola ovina), 
and as cows are inoculated with cuntagious pleuro-pneumonia to preserve them from 
those diseases. 

The inoculation of the attenuated virus did not confer immunity with mathematical 
certainty, but a second inoculation rendered the preservative influence stronger.—D.W. 

















mese] killed. 

At this stage of our inquiry an important question arises. 
"What is the cause of the diminution of virulence ? The cultiva- 
tions of the parasite are necessarily carried on in contact with 
the air, because our virus is an aerobic organism, and cannot | 
develop if air is excluded. It is natural, therefore, to ask st — 


once if contact with the oxygen of the air be not the influence 
which diminishes the virulence? May it not be that the little 
organism which constitutes the virus, being left exposed to the - 
oxygen of the purified air in the cultivation-material in which 
it has been growing, undergoes certain modifications which 
remain permanent after the organism had been withdrawn 
the modifying influence? It might further, it is true, be 
whether some principle in the atmospheric air other than 
some chemical or fluid principle, may not take part in the 
tion of a phenomenon so strange that it justifies any 












* “In the same way a cultivation which has lost all 
cultivations which are not virulent."—Pasteur, Trans, Jat. Med, ( 
voli p.87. 
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It is easy to understand that the solution of this problem in 
the way suggested by our first hypothesis, that is, some influence 
of the oxygen of the air, may easily be put to the test of experi- 
ment; if the oxygen of the air is in reality the agent which 
modifies the virulence, we shall probably have a proof of this by 
withdrawing it. 

Let us with this object make our cultivatious in the following 
way. A suitable quantity of fowl-broth having been inoculated 
with our very virulent virus, glass tubes are filled with it to 
two-thirds, or three-fourths,* of their volume, and then sealed 
with the blow-pipe. Thanks to the small quantity of air which 
remains in the tube, the growth of the virus commences, as is 
shown by an increasing turbidity of the liquid. By degrees the 
progress of the culture leads to the disappearance of all the 
oxygen in the tube. Then the material which causes the 
turbidity falls to the bottom, the virus is deposited on the sides 
of the glass, and the liquid becomes clear. This result is pro- 
duced in two or three days. Henceforth the organism is with- 
drawn from all contact with oxygen, and will remain in this 
state so long as the tube is unopened.t What now happens 
with regard to the virulence? In order to render our investiga- 
tion more trustworthy, a large number of similar tubes are pre- 
pared, and at the same time an equal number of flasks containing 
the same kind of cultivations, but freely exposed to the purified 
air. ‘The change which occurs in the cultivations in contact 
with air we have already mentioned ; we know that their viru- 
lenco undergoes a progressive diminution. Lect us speak only 
of cultivations in closed tubes cut off from the air. Open 


* The statement in the original is not very precise, “aux deux tiers, aux trois 
quarta, jc," i.e., to two-thirds, to three-fourths, &c.—D. W. 

t NoTE By M. PASTEUR.—The aspect of the sealed tubes undergoes a great change 
after a time ; they remain almost limpid even after shaking. The granulations into 
which the original elements of the initial growth become resolved have a refracting 
power similar to that of water, and do not cause any sensible turbidity of the liquid. 
Are these true spores comparable to the germ-corpuscles of the bacillus of anthrax ? 
Idonotthink so. It is not probable that our parasite gives origin to true spores. If 
it produced «pores it would be difficult to understand how, whether in contact with 
the air or in closed tubes, it in the end loses all vitality, all power of reproduction. 
Further, true spores survive & higher temperature than the elements of the organism 
during its growth. Nothing of the kind occurs with the microbe of fuwl-cholera. 
Old cultivation: kept in contact with the air (I have not yet proved it in the case of 
the others) perish at temperatures even lower than those which kill recent cultivations. 
This is a usual characteristic of the micrococcus-group. 








IL—VACCINATION FOR ANTHRAX 


BY THE 


INOCULATION OF THE ATTENUATED VIRUS 





‘Prevalence of the Disease.—The disease to which the term 
anthrax has been, in recent years, generally applied in pathological 
writings exists as a widely spread epizootic disease, very fatal to 
sheep in certain countries. It is commonly called charbon in 
France, from the colour (red) of the local lesion; owing to the 
frequency with which the spleen is conspicuously affected the 
namo in common use in England is splenic fever, and in Ger- 
many Milzbrand ; in France also the term sang-de-rate is used 
by some writers. The names applied to the discase wher i 
occurs in horned cattle seem to be commonly, black quarter, i 7 
noir, lossanthrax. The rodents eun easily be infected by in 
lation. It oceasionally oceurs in man; the persons wlio hare 
suffered from the disease in Enid have been generally w.:- 
sorters or hide-porters, and the disease has received the trivi! 
names of woeol-sorters’ disease, and malignant pustule. [ἢ 
Rassia, where it has oceasionally assumed epidemic proporti ss. 
it has been known as Siberian plague. 

The mortality caused by the disease among the flecks ud 
herds of France appears to be very considerable, but τον tase 
been dechning during the last forty vears.  Aceordine to ἃ 
report ^ made by M. Delafond in 1812 on a district then known 
as La Deanece, whieh included. the country about Orleans, the 
average annual mortality among sheep was about 20 per cent.: 
in certain localities where the soil was dry and calcareous the 

* Quoted by Dr. Ch. Chamberland in his bandbeok | Le Charben et la Vacrination 


Charbonneuse Topres les tracaux. recents de M, Pasteur. Daria, Tiguel, l*&!;, page 
9, et seq. 
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mortality rose as high as a quarter, a third, and sometimes ex- 
ceeded a half of the flock. The death rate has since decreased 
very considerably, and was estimated in 1881 at 10 per cent. ; 
at the same time, the number of sheep kept by the farmers was 
much smaller. The pecuniary loss to the farmers of the district 
of La Beauce was estimated at seven million francs a year in 
1842, and at three million franes in 1881. 

Mode of Infection. — In a communication made to the 
Académie des Sciences on July 12th, 1880,* M. Pasteur, after 
referring to the magnitude of the losses produced by the disease, 
and stating that he had been entrusted by the Ministre de 
l'Agriculture with the means of investigating the mode in 
which infection commonly took place, gave a lengthy account of 
the experiments made. The following statements have an 
interest in connection with discussions which have arisen with 
regard to preventive vaccination :—] 

The experiments commenced in the early days of August, 
1878. "They consisted at first in feeding certain lots of sheep 
with lucerne which had been watered with artificial cultivations 
of the bacterium of anthrax full of the parasite and its spores. 
. - . Notwithstanding the immense number of the spores of 
the bacterium swallowed by all the sheep of each lot many of 
them, often after having been distinctly ill, escaped death; a 
smaller number died with all the symptoms of spontaneous 
anthrax, after a period of incubation which might extend to 
eight or ten days, although, at the end, the disease took on the 
almost sudden characters frequently noted by observers, who 
have thus been led to believe in a very short period of 
incubation.t 

The mortality was increased by mixing with the food 
sprinkled with the spores sharp-pointed objects, especially 
the pointed extremities of the leaves of dried thistles, and 
ubove all the beards of ears of barley cut into small fragments 
about *01 millimetre long. 


* Comptes Rendus, T. xci, p. 87. 

t Nore py M. PASTEUHR.—It is much more diflicu!t to communicate the disease 
by food soiled by anthrax-spores to gu'nea-p'z« than to sheep. In a considerable 
number of experiments we did not meet with one example. The spores in, this case 
are found in the excrement. They are also found intact in the excrement of the 
sheep. [That is to say, the excrement could give origin to anthrax. See Comptes 
Rendus, T. xci. p. 586. } 
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At the present time the secret of their return to a virulent 
condition is merely their growth in the body of certain animals 
in series. 

Our bacterium innocuous to guinea-pigs is not innocuous to 
these animals at all ages; but how short is the period during 
which it is virulent! A guinea-pig several years old, one year, 
six months, one month, a few weeks, eight, seven, six, or even 
fewer days old, does not after inoculation with the enfeebled 
bacterium of which we are speaking run any danger of the disease 
or of death ; but this same virus, on the contrary, and the result 
is very surprising, kills a guinea-pig one day old. In our 
experiments there has not yet been one exception with regard to - 
this. If now we pass from the first guinea-pig one day old 
another, by the inoculation of the second with the blood of 
first, and from the second to a third, and so on in 
virulence of the bacterium, in other words, its habit of 
ing in the economy, is strengthened progressively. I 
‘quence we can soon kill guinea-pigs three days, 
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other half should serve as tests. This was done, except on & 
few farms, where the owners insisted on having all the animals 
vaccinated. 

During the months of June, July, and August, 82,550 sheep 
belonging to 188 flocks were thus vaccinated by M. Pasteur's 
assistants and by certain veterinary surgeons taught by them. 
The test animals numbered 25,160; they constantly mixed with 
the vaccinated, and were submitted to exactly the same manage- _ 
ment. At the time the inoculations were made some of the 
flocks were infected by spontaneous anthrax. Other flocks, not 
infected, were vaccinated as a preventive measure. Among the 
latter (45 flocks, comprising a total of 10,500 sheep) nota 
single death occurred either during the vaccination or in 
subsequent months. This fact at once clearly shows how sma 
is the danger attending vaccination. In the other flocks 
mortality continued. 194 vaccinated sheep died between th 
and the second inoculation. 87 vaccinated sheep died - 


* Condensed from Chamberland's Le Charbon et la Vaccination ( 
chap. xxvii, p. 250. 
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ten days after the second vaccination. Thus the total loss 
among the vaccinated sheep from the first vaccination to 
ten days after the second was 281, or 1 in 116. Among 
the sheep not vaccinated 120 died during the period between 
the first and the second inoculation; within ten days after 
the second inoculation 50 unvaccinated sheep died. The total 
loss among the unvaccinated sheep from the time when the first 
vaccination was made to ten days after the second was 170, or 
1 in 147. 

If the mortality among the vaccinated sheep had been the 
same as among the unvaccinated, 220 sheep would have died. 
But 281 sheep died. Vaccination therefore had caused the death 
of 61 sheep, or 1 in about 588; 1 in 588 is the only mortality 
which can be attributed to vaccination in sheep. 

During the same period 1,254 oxen and cows were vaccinated ; 
888 were kept as test animals. Not a single vaccinated animal 
died during vaccination; 8 died among the unvaccinated ; 
142 horses were vaccinated, and 81 kept as test animals. 
One vaccinated animal died during vaccination ; the veterinary 
surgeon who performed the operation was satisfied that it died of 
septicemia, and not of anthrax; no death occurred among the 
unvaccinated animals. 

During the year 1882 there were vaccinated 34,870 sheep, 
47,817 oxen and cows, and 2,825 horses. For this year it is 
not possible to state what part of the total mortality should be 
attributed to vaccination, and what part was due to spontaneous 
anthrax. ΑἸ], or almost all the farmers, having been convinced 
by the results obtainel the year before, had all their flocks 
vaccinated. 





«© SPONTANEOUS " DISEASE. T 


It was not sufficient to prove that vaccination for anthrax 
was almost free from danger to the animals vaccinated, it was 
necessary to show further that the vaccinated animals were 
protected from the spontaneous disease. 

Experiments made by us at Chartres in 1878 showed that 
sheep succumbed less easily to the ingestion of the spores of - 
anthrax than to the direct inoculation of these spores into the 
subcutaneous cellular tissue. In our opinion this was to be 
attributed to inoculation in the spontaneous disease δεῖ 
effected by a few spores only, while in inoculation under 
skin a relatively large quantity of the virus was always i 
duced. It was therefore to be anticipated that animals 
resist the natural causes of contagion better and more 
than artificial inoculations. It was, however, n 
verify these preconceived views by carefully noting what 
pened, in practice, to the vaccinated and non-vacciuated’ 

* Due to septicemia, M 
+ Condensed from chap, xxviii, Chamberland’s Le Charbon, &e 
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the two classes living together, and being in consequence 
submitted to the same sources of contavion. 

The results of the vaccinations made during the year 1881 
were quite conclusive on this point. 

We have seen that 82,550 sheep distributed among 138 
flocks were vaccinated, and 25,160 were kept as test animals. 
The reports on the mortality were transmitted to us at the 
commencement of the month of November, 1881. From the 
time when the vaccinations ceased up to the beginning of 
November, 44 sheep died of charbon among the vaccinated 
sheep; a mortality of 1 in 740. During the same period 820 
died among the non-vaccinated sheep; a mortality of 1 in 78. 
The mortality was thus about ten times lower among the 
vaccinated than among the non-vaccinated. 

These figures, I repeat, are deduced from the reports which the 
veterinary surgeons and farmers have transmitted to us. 

If the mortality had been the same among the vaccinated as 
the non-vaccinated, 418 sheep of the former class would have 
died; 44 of them died. Vaccination, therefore, had preserved 
369. But this vaccination during the period that it was in 
progress produced a slight mortality of 61 sheep according to 
the figures previously given. Vaccination then actually pre- 
served 808 sheep from death. 

This number is not very considerable, but the fact that it is 
only applicable to a period of two months after vaccination must 
be taken into account, as well as the further fact that the mor- 
tality from anthrax was small during that year (1881). In 
many flocks in fact we had a mortality of one, two, or three 
among the non-vaccinated, and of one or two among the vacci- 
nated. This is equivalent to saying that these flocks had not been 
attacked by anthrax, and that nothing could be concluded with 
regard to them. In order to appreciate the effect produced by 
vaccination, flocks in which a distinct mortality was produced 
must be taken. In fifteen flocks almost all suffering from 
anthrax at the time when vaccination was performed, the 
mortality among the vaccinated was completely stopped, while it 
continued among the non-vaccinated. 
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Table showing the Number of Deaths among the Vaccinated and Non- 
Vaccinated in fifteen. flocks, which were suffering from Anthrax at or 
soon after the time when Vaccination was performed :— 
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Table showing the Total Number of Deaths among the Vaccinated and 
Non- Vaccinated Sheep during, and fortwo months after, Vaccination :— 
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The mortality during vaccination was 60 sheep among tLe 
non-vaccinated and 58 among the vaccinated ; maintaining the 
same proportion, 77 of the vaccinated sheep would have died. 
It follows that the first vaccination alone preserved a ceriain 
number of sheep (about 20).* 

In 1881 the number of horned cattle vaccinated was 1,2 
and 888 were kept as test animals. After vaccination, and up 
to the beginning of November,t 1 vaccinated and 10 non- 





* The area over which anthrax epreads is often very limited, though the plague ie 
very persistent in localities which it infects, ‘In the department of Seine et Mare 
certain farms pay a heavy tribute every year to this plague; the districts of Proviza 
Fontainebleau, and Meaux always suffer severely; many farms in these districte 
go by the name of fermes à charbon (splenic-fever farms); the best farmers take 
them with fearand trembling, In the high lands of Auvergne, in Cantal for ex- 
ample, there are montagnes maudites (accureed hills), on which flocks lose 10 or 13 
per cent, of their number, owing to the mal de montagne (anthrax) ; nor need 
astonish us to find that in this part of the country the probability of the occurrence 
of anthrax is an element in the price of farms.” (Chamberland's Le Charbym et la 
Vaccination Charbonneuse, pp. 10, 11.)—D. W. 

+ About two mouthe, 
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and non-vaccinated sheep were submitted to the same conditions 
of soil, housing, food, and temperature, and that consequently 
they were subject to absolutely identical influences. 

* The veterinary surgeons of Eure-et-Loir have vaccinated 
4,562 animals of the bovine species; the annual loss amonz 
these was 922. Since vaccination only 11 cows have died. 
The annual mortality, which used to be 7°03 per cent., falls to 
‘24 per cent. Angina, generally slight, having occurred after 
vaccination in the horse, and the mortality from anthrax bein: 
not high (1:5 per cent.), veterinary surgeons have not deemed 
it prudent to vaccinate upon a large scale. Only 524 have been 
vaccinated, and of these three died between the two vaccinations. 

* This result appears to us irrefutable; in view of such 
figures it is no longer possible to doubt the efficacy of vaccina- 
tion for anthrax." 

* E. Bovtet, Reporter." * 


DURATION OF THE IMMUNITY.t 


[The evidence as to the length of time during which sheep are 
protected by Pasteur's vaccination is somewhat conflicting. Οἱ 
June 2nd, 1881, M. Pasteur and his assistants inoeulated with: 
the premier vaccin 225 sheep on the State farm la Faiziiil τίν 
at Joinville-Ie-Pont.. On July 15th following, 150 οὐ thes 


sheep received the di uriéme vaccin, und on July 20th. 75 ε: 
this last lot were inoculated with virulent virus ; all the miitia- 
* Comples Renda. T. xev. p. 1251. 


While this pure were passing through the press a preliminary report of the res ὅν 


of a series of experimental vaccinations made in South Husa, in the summe; tes 
was published (Cente. fd. Med Wasa. 1, 1880), Professor Zenkow-k: Prepared tis ca. 
vaccines premier wud deuxieme: in the botanical laboratory of the Univ 
Charkow. and durin s the summer of 155» inoculated 1:553 sheep. Vive loss if: 
first vaccination was 1 25 to 16 per cent.: after the second c09 ta 073 qe c eos, 
82ubescequen? inoculations with diluted biood from a case οὐ anthiras “απο no vs 
An independent eon ien ehiese in shieep from this pesi a Pthig:nunger.- 
with ten other «Ee p which Ead net been vaceinwted, were i oenkited lar Ne gees! 
on the inner side of the hind be with Lee. of blond from acas of anthrax, Ce 
vaceinate | sheepavre died of cnthrax, with welinanatked stinttoerms 9 in! 
amd de hous ard Gre eno Dos se xth day pone sarived. ‘Phe Gs «euni 
showed arise of cen nerature to eg ibe Ca bat wlan for dees the nc 
temperature 5 — (e (0, was regained. One of the vaccinated she qw SS antedce 
Ceath bs de S os Neyeinir r I0 and a 9 cond died om Neovoandber Pst. οὗ pee 
pneum 45a and po sieanfti& In neither of these aning7 οὐρα ὦ ars nechrax ha 
be fonnd ehe an othe bio Dorin the tissues, The unnnaaiomortahsy from αὐ τ τος 
amon; the fleess bs the Cherson di-triet was stated to be from 12 to 2o ΕΓ τ πὶ W 
+ Condensed frum Cl ainberland's Le Charlton, &c., p. 251. 
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survived, and were kept together until the following November. 
The 75 sheep which had received the premier vaccin were 
designated series A; the 75 sheep which had received also tho 
dewriéme vaccin were designated series B ; the 75 sheep which 
had, in addition to complete vaccination, been inoculated also 
with virulent virus were designated series C. Certain animals 
of each serios were inoculated with virulent virus after intervals 
of about five, seven, and nine months. The dates and results 
are indicated in the following table :— 

Table showing the results of Inoculation with Virulent Virus at. various 

dates after Vaccination and Inoculation :— 




















| 
DATE. | November 1;th, 1881. | January loth, 1552. March 15th, 18592. 
E qd ——— | ] 
SERIES, A B C A B C , A B C 
oou Ll d | | eds Lo JL. 
| . - 
| Inoculated ............ a & 6 | 12 | 1 el 112 | w 6 
Died ............-»ee 21 0 0 1]! 1] 0 1 1 0 
Made ill................ 4 afew 0 11 | many 0 il | 11 ja few 
l 





- Astheresult of experiments made for the Société d’ Agriculture 
de Melun by M. Rossignol, it appeared that sheep withstood 
inoculation with virulent material eleven months after vaccina- 
tion, but at the same time one of five sheep not only vaccinated 
but inoculated (as in Series C above) died. At Chartres M. 
Boutet inoculated on May 16th, 1882, twelve sheep vaccinated 
on August 2nd and 16th, 1881. The material used for inocula- 
tion was serous fluid from a sheep which had died three hours 
earlier of spontaneous anthrax; five of these twelve sheep died. 
M. Pasteur objected to the very large dose of virulent material 
injected. The experiments were consequently repeated, only 
two drops of blood being used. The result of these experiments 
is indicated in the subjoined table :— 


Table showing the Number of Deaths caused by Inoculation of Virulent 
Material at various intervals after Vaccination :— 


-— — —— -— — 


| | Interr al netween Number of death ᾿ Percent t 
- vaccination ane Aum rot deatns nfage o 
Number of sheep. I inoculation with , after the inoculatiun. | deatha, 
virulent material. 





| ————— MÀ À Á À Á—— 


8 ! not vaccinated 


| 12 | 13 months 4 83 
| 12 | 2 17 

12 4 8 25 
| 1U 8 2 20 
| 8 | 100 





* * qui. 





new experiments have been made, it would appear to me to be 
necessary to practise re-vaccination every year. Further, asa 
universal rule, if a flock, although vaccinated, is accidentally 
attacked by anthrax, there ought to be no hesitation about 
re-vaccinating it immediately.” 


VARIATIONS IN THE VIRULENCE OF THE VACCINES.* 


A tube containing a cultivation of the virulent virus had been 
preserved by M. Pasteur from the commencement of his study - 
of anthrax—that is to say, for more tban five years, and every 
six months it was tested to ascertain if the spores were still 
living, and whether their virulence had changed. For this 
purpose a flask of broth was inoculated with a drop of the 
tube. Growth occurred as in ordinary cases, but there 
slight delay in the development, as if the old spores 
longer time than the young to germinate. But the 
once made when used for inoculating sheep caused. 


* Extracted from Chamberland's Le Charbon et la Vaccination. 
xxx. p. 281, 
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The mortality had ceased for ten years, and, suddenly, from the 
Saturday to the Tuesday six oxen and cows died of splenic fever. 
If the first vaccination, instead of having been made a month 
after, had been made just αὖ this time, the deaths of these 
animals would have been attributed to the vaccine. An analogous 
fact has been reported to me from the neighbourhood of Meaux. 
It must not be forgotten, therefore, that if the animals are at 
the time of the operation already spontaneously inoculated, 
vaccination will not protect them. It is well known that in the 
human species vaccinia* does not protect when small-pox is 
already in tbe period of incubation. 

** Racial differences must also be taken into account. Some 
breeds of sheep are much more sensitive than others from the 
point of view of splenic fever, and then the first vaccine is rela- 
tively too feeble to enable them to resist the second vaccine. I: 
is, therefore, sometimes necessary at the first to test such and 
such a race, in order to learn what strength of vaccine suits it. .. 

** The importance of the accidents which occur ought not to be 
exaggerated; the aecidents may be alarming to the proprietor or 
the veterinury surgeon who witnesses them, but to him wh» 
takes all the facts into consideration they are a small matier: 
taking, thus, account of all the facts, I conclude that vaccinuth z 
oucht to be a general practice. The best way would be to vacc- 
nate with a guarantee. Dy adding to the price of each vaceix:.- 
tion a sum of ten centimes, a reserve fund would be foru.c 
suflicient to afford a guarantee against all losses.’ 

M. Chamberland states that new vaccines were prepared az i 
were used extensively up to the month of October, 1882. 

At this time, it was ascertained from the information snpplici 
to us by different veterinary surgeons, that the “ first-vaceine " 
was a little too strong, and that in a few flocks a certain 
number of sheep had suecumbed after the inoculation of this 
* tirst-vuccine.” Some cows and oxen also had suffered fron 
edematous swellings, generally not severe. This first vaevire 
possessed the great advantage that it vaceinated directly and 
completely 95 per cent. of the animals, so that after the first 


* La vaccine. The statemen’ is at variance with facts generally accepted ἢ th’« 
country. See the late Mr. Marson’s article on Varivla, in Reynolds’ System of Met- 
cine, First Edition, vol. i. p. 477 ; Second Edition, vol. i. p. 265; ace also .4 Haad- 
book of Vaccination, by Edward C. Seaton, M.D., p. 103, et «eq.—D. W. 
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diately, the second should be kept in the cold, in a cellar for 
instance, without opening the tubes, and should be used twehe 
days or ἃ fortnicht later. 

Vaccines whieh are not to be used for a very long time, fur 
instance, two or three months, after being put in the tubes mus 
be prepared with special and minute precautions. We are nos 
able to fulfil these conditions almost rigorously. Still it is nc 
yet possible for us to affirm that the vaccine will have exact: 
the same properties as in the fresh state. The spores, in fact, 
as they grow older do not appear to have the same aptitude for 
developing in the bodies of animals as when they are recent. 
When they are too old they do not develop, and do not produe- 
any eflect. . . . The problem of preserving the virulence οἱ 
vaccine stored in glass tubes is, therefore, not absolutely solve. 
I believe that I may even add that it will probably never t 
solved, for it will never be possible to make old spores, tendinz 
towards death, possess the same force and the same activity à: 
recent spores, or as adult bacteria in full course of reproduction 
and development. I think, therefore, that it would be extremelt 
advantageous, not to say indispensable, to establish, in distar: 
countries, in all countries where it is fifteen or twenty di 
before the vaceine arrives at its destination, small maunntacz 7-5 
to proluee fresh vaceines which would be sent out throws. .: 
neighbouring distriets in the fresh state. 


THE METHOD OF VACCINATING.? 


Vireination is cfected by making two inoculations st x 
interval of twelve or tifteen days, the first with the "tr 
vaccine ^ which only partially preserves the animals, and t— 
second with the *  second-vaecine," which is much more set 
than the first and renders the animals completely retracters t 
anthrax. It is a zood plan to make these two inoe:ulatiors # 
two different parts of the body. If, for example, the first 5 
made in the right thigh, the second should be made in the lef. 
The inoenlations may probably be made at any part of tke bods. 
but so far sheep have been vaccinated in the thi;hs, oxen & 
horses behind the shoulders, and in some cases in front. The 


* Condensed from Ctiamberland's Le Charbon et la Vaccination Charbonneuw. τ 
297. (Vide eupri.) ' 
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action of the vaccine and of spontaneous anthrax. Moreover. 
sheep recently vaccinated are better able to resist the disease. 
which rages, gencrally, in summer and autumn .. . 

In oxen slight edema sometimes follows the puncture ; thes 
svellings disappear without treatment and should never Ix 
opened. Cows being also liable to suffer from cdema :: 
perceptiblo fever after the inoculation, the quantity of mil: 
diminishes ; it is therefore better to vaccinate cows when they 
are giving little or no milk. Further, as it is not absolutels 
proved that the vaccine-bacterium never passes into the mii. 
there is an additional reason for choosing the time abow 
indicated. . . . All that has been said above with regrard to prez 
nant ewes applies also to cows in that condition. 

The vaccines are sent out in tubes, closed by caoutchore 
corks, which contain the quantity of liquid necessary for the v«- 
cination of 100 sheep or goats, or 50 oxen, cows, or horses. Τὶ 
quantity of vaccine to be used for inoculating the larger anima.- 
is practically double that used for the smaller. The liquid i: 
drawn up into a Pravaz’ syringe. ... The tube of vaccine ouyht to 
be well shaken before removing the cork so as to mix the cor 
tents thoroughly; unless this is done the vaccine-baeteria ar 
deposited on the bottom or sides of the tube, and there is 2 rs: 
of drawing up several svringetuls of liquid. in which there a 
no bacteria, or very few ; the negative. results which Lave bes 
observed. m some cases after vaccination must be attribatel : 
the neglect of this preeaution. . . . The svrinee being tlie" 
the runner which is at the top of the piston-rod is turned so. 
to deseend to the division marked 1 on the rod. Then x 
assistant lays hold of the sheep to be vaccinated, and hedds : 
for the operator, turning it by its fore legs into a sitting azitzz. 
The operator introduces the needle under the skin, about τὴ 
middle of the right thigh, and pushes the piston until τὰ 
runner touches the svringe. The inoculation of the rs: 
animal is thus completed. The syringe 15. withdrawn, te 
runner is turned in the opposite direction so as to bring it te 
the division marked 2 on the piston-rod. Then the second sheep 
is inoculated. The runner is then brought to the division 3, ard 
so on, each syringe being sufficient for the vaccination of 8 sheep. 


* The syringe must be quite filled to the exclusion of all bubbiea of air. 


es 
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when a Pravaz’ syringe is used. . . . [The vaccine for this syringe 
is sent out in tubes identical with ordinary tubes, except that 
both extremities are closed by small caoutchouc corks. The 
smaller cork is withdrawn and the extremity of the tube in- 
troduced into the reservoir of the syringe; on removing the 
other cork the liquid runs into the reservoir. ; 

In all cases, whutever kind of syringe be adopted, a tube of 
vaccine which has been opened must never be used on the nex 
or following days, for in that interval the vaccine liquid may 
have been altered by foreign organisms. If the vaccine when 
sent out cannot be used for three, four, or five days the tubes 
ought to be put in a cool place, if possible in a cellar, in order 
to prevent the possible ulterior development of foreign organisms. 
As a rule, and whenever it is possible, fresh vaccines ought to 
be used, and used on the day or the day after they are received. 
When it is desired to keep vaccines for a long time—one, two, or 
three months—it is necessary to take special and very delicate 
precautions. This we do in the case of all vaccines sent to foreign 
countries ; but for France we do not take these precautions, and 
the vaccines ought always to be used within eight or ten davs of 
the day on which they are despatched. As to the vaccine liquid 
remaining in the tube when the operation is finished it ougl: το 
be destroyed by plunging the tubes into boiling water.* 


DX. KOCH'S CRITICISM OF M. PASTEUR'8 METHOD AND THEvRY cP 
ATTENUATION.T 


It is well known that M. Pasteur first made experiments ΠΡῸΣ 
the attenuation of the microbe of fowl-cholera, and that he 
arrived at the conviction that attenuation is caused by the 
oxvgen of the air. M. Pasteur then applied the results of these 
experiments to the bacillus of splenic-fever, and he succeeded 
in attenuating its virulence also, to such a devree that some 
animals vaccinated with it resisted the vaccination, and after 


* [In a private letter, dated April 23rd, 1885, M. Pasteur states that every yess 
material for the vaccination of four or tive hundred thousand animals (sheep, cxes. 
and horses) is sent out.—D. W.] 

f Extracted from Dr. Koch's reply to M. Pasteur's discourse at Geneva. Tz: 
pamphlet, which was published simultaneously (by Fischer, of Caesel and Bers. 
1425) in German and French, contains, as does also M. Pasteur's reply, publi-bed a 
the Rerue Scientifique, S. II, T. v., p. ΤῊ, a good deal of personality and of tbe 
edium pathologicus: with which the reader need not here be troubled.—D. W. 





592 VACCINATION FOR ANTHRAX. 


of all infective maladies, must be rejected as contrary to the 
ascertained facts of medicine. Dr. Loefller, in the investigation 
of which we have spoken, relied not only on the results of his om 
experiments with the infective diseases artificially produced in 
animals, but also on facts in practice which show that erysipelas. 
gonorrhea, and intermittent fever, though they are, as has been 
proved, infective maladies caused by bacteria, do not confer 
immunity against recurrences. Tuberculosis has now been for 
some time added to the number of the infective diseases which 
can attack man several times in succession. No physician has 
ever yet thought of maintaining that a person who has suffered 
from tuberculosis, and who, after suffering from scrofula or 
fungous disease of the joints, for instance, has been cured, 
is afterwards protected from tuberculosis. On the contrary, 
practical experience shows that persons of this class have s 
stronger disposition than others towards tubercular affections, 
and that they frequently become phthisical later on. Neither 
with regard to leprosy, which is evidently a bacterial disease, 
has anything been ascertained which would favour the supposi- 
tion that immunity against this disease could be acquired. 
Thus the rule which M. Pasteur believes to hold good cen rats 
eannot be admitted so to hold. 

But we go further, and say that not even for anthrax can the 
law of immunity be maintained to the complete extent given τὸ οἷ 
by M. Pasteur. Dr. Loeffler had previously found that inimi. 
cunnot be conferred on guinea-pigs, rats, rabbits, or mice. Th: 
fact has been confirmed by all experimenters who have ture: 
their attention to this question.® . . . At the Inperial He: πὶ 
Office nunerous. experiments have been made on rab. .ts. 
eninen-pies, and miee with the virus of anthrax at dior 
degrees of attenuation, and. finally with the vaceine of Iur: 
in spite of all the efiorts made, nnmnunity against the ez 
the non-attentiited virus has not been conferred on one oti 
aninials: all without. exception died. of true anthrax attr the 
control. imeculations. [ὦ ἀπὰν therefore be consider certslt 
that by. M. Pasteur's method. all species of animals are rz 
capable oi acquirinz in dinmumitver Aecordingr to al] Appear 

* Exponent. of Gora, Guiilebean, and Klein. (see ΧΙ Arica! Resert of te 
Local Goss zr nt Bead. Supplement contaming the Reporter th Me wieal et er 


for 1222, 1. L0 e^ ses) are quoted. —D, W. 
T M. Pasteur (Je ponsc au Jocteur. Koch, Kev. Seient, 8, iii, T, v. p. 83) aes 
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that agriculture is invited to reap great benefits from it. Ass 
matter of fact, M. Pasteur's method has already been applied on 
ἃ large scale, and the sole question now is to ascertain whether 
M. Pasteur's promises as to the harmlessness of vaccination 
and as to the efficacy of the protection will be realized. This 
is now the crur of the whole question, it is therefore worth 
discussing in detail. . . . 

In the first place with regard to the preparation of the 
vaccines, M. Pasteur contents himself by saying that he culti- 
vates the bacillus of anthrax in neutralized infusion at a tempera- 
ture of 42? to 43°, and that at the end of about twenty days the 
virulence is sufficiently attenuated for the vaccination of sheep. 
With regard to the most favourable time for obtaining the 
second vaccine, and to the qualities which render the recogniticn 
of the degree of attenuation sufficiently certain, M. Pasteur does 
not express himself categorically, and yet this is the essential 
point. It would certainly be desirable to learn something more 
precise with regard to the preparation of the vaccine, and con- 
sequently I will report our experiments on this subject.* It is 
very important to make use of a thermostat which maintains the 
same temperature for weeks without variation. To this «s! =: 
niade nse of ii apparatus of the Arsonval pattern supplied tc 
hy Wiesness of Paris. 8 mall flasks containing about ts 
eramnies of neutralized chicken broth which hil beeu inet. 
with the usual precautions with the bacillus of antrbr.x, 9 7 
kept in this apparzitus at a temperature of 4205. C. baer τὰ 
days mice, full grown euinca-pies, and large. vieorous ril 
were mnoeulated with the liquid from one of the tlasks. aged at th 
-nne time a cultivation in nutrient jelly was made wv τ 
finid used for the inoculation. At the bewimnine all tli aide si 
died of anthrax after the Mmoculation, After several days 2 
number of days is not the same in all the experiments. at 
varies sometimes from one flask to another in. the same exper 
nient) Inoculation is uncertain in its action on the lari ral Liss 
for only some of them die, for instance, one or two in three 
or four, While all the mice and guinea-pigs are still killed Ly the 
Inoculation, Stil later the guinea-pigs in the same way resi 
the inoculation. while the mice continue to perish. — Finally, 
cultivations of the bacillus are obtained with which mice can be 

* Performed in co laboration with Drs, Loefller and Gaffky.— D. W. 
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inoculated without being killed. These bacilli of anthrax which 
have completely lost their pathogenic action do not differ mor- 
phologically from the virulent bacilli. They are entirely im- 
mobile, and in pure cultivations they, like the others, form 
long filaments. The cultivations which kill mice but spare 
guinea-pigs furnish the best material for the vaccination of 
sheep, and those which when inoculated produce anthrax in 
guinea-pigs but do not kill all the large rabbits with certainty 
furnish the material for the second vaccination. Between these 
degrees, as well as above and below, there aro numerous 
gradations which can, according to circumstances, be used in the 
same way, when a second vaccination is not considered sufficient. 
I doubt whether M. Pasteur knows the characteristic signs, as I 
have indicated them, of the degree of attenuation, otherwise 
there would not be such numerous variations in the effects of 
his vaccines. I have had occasion to test ἃ premier vaccin from 
M. Pasteur which did not even kill mice, and which was con- 
sequently too feeble, and a detriéme vaccin which infected with 
anthrax all the rabbits vaccinated, and which consequently was 
too strong. Dr. Klein inoculated four guinea-pigs and six mice 
with the premier vaccin. furnished by M. Pasteur’s agent, M. 
Boutroux; during the first forty-eight hours three guinea-pigs 
and the six mice died, which proves that this inoculating 
material was too strong for a first-vaceine. In Hungary, accord- 
ing to a report published in the Agricultural Journal, twenty- 
two sheep wero inoculated on one day with the second vaccine 
without having previously received the first vaccine; in spite of 
that these animals remained well, and there is therefore reason 
to believe that this second vaccine was too feeble. 

The temperature to which the cultivations are submitted has 
the greatest influence on the length of time within which 
attenuation is accomplished. The more nearly the temperature 
approaches 43? the more rapidly is attenuation produced, so th: t 
at that it may be complete within six davs. At 12° a period of 
thirty days is sometimes required. Further, it is absolutely 
necessary to test the vaccine on mice, guinea-pigs, and rabbits. 
The vaccine, kept for a long time at the temperature of an 
inhabited room, gradually loses its virulence. M. Pasteur has 
made the same observation, which numerous experiments enable 
us to confirm. 
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We continued to inoculate nutrient jelly with our attenuated 
cultivations. This very simple and convenient method can be 
employed to obtain a given quantity of vaccine grown in a state 
of purity. If we insist on the purity of the cultures it is because 
the intrusion of foreign bacteria, among which may be some 
which are pathogenic, causing for instance septicemia, uselessly 
increases the danger of vaccinations made with such fluids. Tho: 
a part of the bad results following the vaccination of horses 
appears to have been due to contamination of the vaccines with 
bacteria which produce septicemia; this appears the more 
probable to me, as on examining microscopically several samples 
of the original vaccines of M. Pasteur I have found them hivhly 
contaminated by numerous varieties of bacteria other than thes 
which ought to have been met with.* 

[Dr. Koch then states that a few experimental vaccinations 
were made with vaccines prepared as above stated, and wit: 
others obtained from M. Pasteur's agent in Paris. The premi-r 
raccin (which killed mice but not guinea-pigs) produced hard:x 
any reaction in sheep. After the inoculation made later on with 
the deuxiéme vaccin, & certain number of animals were attacked 
by anthrax and died. Owing to the small number of iri. 
operated on he considered it. useless to give the pereentite ἢ 
loses. The seneral result was in. accordance with the CN 
ments made at kapuvar and Packisch, whieh he thoes sf 
comparison with his own experiments as they were observed a 
controlled in a trustworthy way by ἃ speelal commissios. M 
deaths oceurrel after the inoeulation of the primo r 
either at NKapuvar or Packiseh, but after the demon m. 
five out of fifty sheep died at Kapuvar, and three out of {πε λιν 
at Paekisch. Numerous other vaecemations in other ἴω τα πῆς 
supported the contention that no deaths occurred after tha i: 
but about 10 to 15 per cent. after the second. For the se 1 
experiment at. Packisch M. Pasteur provided a less etiiczc c 
vaccine, and only one sheep in 251 died. 


Us 


* M, Pasteur iri Lis £i ponse au Jr, Koch (supra cit.) contents 1 imisc15 bey - 
retorting, om this head, that fur twenty years before Dr, Rech's acter tite ttt. 
Inte. τὸ had been hes ene ccenpation ta iseXite, and grow microbes : the | ie san 
and th.t therefore Dr, Kech’s insinuation that he does not know how to :.ake Ὁ 
cultivations cannot be taken seriously, But Dr. Klein in his Report. cited aleve. Ὁ 
the Medical Officer of the Local Government Board (Twelfth Annual Report, pos 
confirms Dr, Koch's statement: in the deuriéme vaccin there were seum-fcrati 
bacilli, and in the premier vaccin micrococci also, —D. W. 
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Bauchery, at Montpothier, and at Packiseh in support of his 
view that the vaccines furnished by M. Pasteur even after Apri 
lst were sometim.s too fecble, sometimes too strong, that is. 
even less sure than the vaccine distributed during the winter.‘ 
Dr. Koch then proceeds as follows :—; 

M. Past-ur felt the ditliculty of his position as early as the 
meetin: of the Societe Centrale de Médecine Véterinaire on 
June Sth. If he furnished a powerful vaccine, conferring 
immunity against anthrax by inoculation (or at least against 
inoculation with the material supposed to be virulent by X. 
Pasteur), then the animals perished trom the effects of the 
second vaceine in too large numbers. If, on the contrary, be 
supplied too feeble a vaccine, as has been the case during last 
winter, + then evidently the protection was insufficient. In order 
to eseape from this embarrassment M. Pasteur put forth the 
singular opinion that it is not necessary to inoculate sheep with 
60 powerful a vaccine involving such great losses, because the 
chances of death are very much greater as à consequence of direct 
inoculation than of spontaneous inoculation, that is to say, of 
such inoculation as is caused by the food, or by sojourn in 
Infected fields ; to proteet from the latter he said that a feebler 
Vacene sifhecd. M. Pasteur dil noi succeed. din produci. 
sinele aresnueut to support this evidently arbitrary s-9 στον τὰ 
Which would never have been put forward exeept to ward cT τ 
danger by which preventive inoculations Were menace. I: 
reality the question Whether aninals could be preserved da ir Ὁ 
Ventive vaccination from. natural qufection oucht to have te: 
elucidated before introducing preventive vaccination into practi: 
and before making "reus Κα ΤΠ ον to vicclnate li fedlreus 
thousands of annuals. For if the facts are. contrary te sia 
M. Pasteur supposed, and if vaccinated aunnals enjoy imn 
wemust artidieial infection without possessing ininunity, er or; 
an insufhieient immunity, against natural infection, 11 may !- 
asked if the Yacctnatlon ix of Wav Use Whatever. This beins eMe 
dently the most Mulportiunt question to answer, In order τὸ be al 
to pronounee upon the value of the artificial mmanunity to anthrax. 
we, from the beginning, gave it the first place in the experiments 
which we undertook at the Imperial Health. Otliee 2... 


* See M. Chamberland’s statement on this head, page 5x4, 
f See pave 5x3, 
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under these conditions, in place of being abundant and long, in 
tangled cottony flocculi, as in normal cultivations, are fewer and 
shorter and gather in little clots on the sides of the vessel. 
These bacteria thus altered in form easily give origin to numer- 
ous resistant spores. 


Carbolic acid is not the only antiseptic which gives results of this kind : simiar 
results can be obtained with bichromate of potassium. In infusions to whien 
1-1000th to 1-1900th of bichromate has been added the bacterium dues not vrcw 
but quickly dies. A smaller dose of the bichromate, 1-2000th, 1-5U00th permit: 
the bacterium to develop; but, under these conditions, it does not. give rise to 
spores and soon loses its virulence, to such a degree that when inoculated three days 
after the commencement of the experiment it gives origin to a cultivation whick 
kills rabbits and guinea-pigs but does not cause the death of more than half the 
sheep inoculated with it. After ten days a cultivation made from the fasa en- 
taining the bichromate still kills rabbits and guinea-pigs. but does not kiY sheep: 
finally, after a longer time the cultivations are innocuous even for «uinea-pits. 
Smaller proportions of the bichromate retard the formation of spores but d: 
not absolutely prevent them. The bacteria derived from filaments wliich la 
been submitted to the action of bichromate give origin to spores which p«r 
petuate their properties and ensure their preservation. If. however. the acti 
of the bichromate be prolonged, the bacterium loses the powerof forminr spero. 
Thus, cultivations derived from a flask containing 1-2000th, have never fom 
the eighth day after the commencement of the experiment given rise te spores. 
and the same has been the case with all the successive cultivations derived frm 
them. These bacteria, incapable of forming spores, cause the death of ene - 
Pies inoculated with them iu three or four days. A drop of riz no. 7 
animals sown in meat-intusions Gives rise to zn abundant eu.tivit. n 
Whieh do not. prshuiee spores: they remain in the filament s. 52s 
after from thirty to forty days die. This then is a variety ei tie tates 
has lost rhe property of forming spores ail docs not resin itr ΤΊΤΟΣ 
passed through the cuinea-pic, 


The diminution in virulence thus produced by anti p. 
is not transient; eultivation does not bring back the virule Lee. 
M. Pasteur has shown*® that in M. Toussaint’s proceedure, wien 
the bacteria are attenuated by being heated for ten minutes ta 
55° C., the attenuation of these bacteria was) only transicut. 
since their cultivations were virulent. M. Chauvean lias staan 
by some recent ¢xperiments that the bacteria tree from spores. 
and attenuated by the action of a temperature of 47 €. 
maintained for two or three hours, recovered their virulence in 
great part by cultivation.f The bacteria attenuated Iw anti- 
septics, whether they give origin to spores or not, preserve their 

* See page 611. 

f M. Chauveau's inquiry was undertaken to ascertain whether the oxygen of the 


air took any part in the attenuation produced by heatirg ὁ. anthracis to av C. 
(1166? Fah.) See page 613,—.D. W. 
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virulence is less rapid than in the case where the bacteria grew 
in the presence of the antiseptic. This diminution in virulence 
towards rabbits can only be shown to exist a short time before 
the death of the filaments. 

The essential condition for the attenuation of the virulence of 
the bacterium of anthrax, whether by the method of cultivations 
at 42° to 48° C., or by the use of antiseptics, is the absence of 
spores in the filaments submitted to the prolonged action of the 
air, of heat, or of the various chemical agents. The spore is 
the resistant form of the bacterium ; it withdraws it, as it were, 
from the action of the surrounding medium, and preserves 
the properties of the filament which gave it birth. In spite 
of this resistance to external agents, the bacterial spore can 
be modified, and its virulence attenuated, just as the filament 
itself. 

Well-formed spores of the bacterium a fortnight old were 
placed in contact with sulphuric acid (2 per cent.) and exposed 
to a temperature of 35° C.* in closed tubes, which were fre- 
quently agitated, to ensure that the acid came thoroughly into 
contact with the spores. Every sccond day a small quantity of 
these spores was sown in slightly alkaline veal-infusion. Th. 
cultivations thus obtained during the first days killed rate :t- 
and wuinea-pigs. ‘The cultivation made ou the eighth or tenth 
day killed guinea-pigs, but was inuvcuous to rabbits; the cil 
vation made on the fourteenth duy kiled only some ot the 
guinea-pigs inoculated with it. Bacteria obtained in this + 
rapidly gave origin to numerous spores, and retained thea 
attenuated virulence in successive cultivations. 

But—and this is a fact worthy to be noted--the cultivati sus 
derived from the spores treated with sulphuric acid which Las 
lost their virulence for guinea-pigs preserve it for sheep, ati 
cause their death 11 the proportion of seven in ten. This ton. 
and the analogous faets reported in our first note,b show tha: 
each species of animal lias ἃ peculiar reeeptivity for each variety 
of bacterium which can be created by the urtiticial methods uf 
cultivation. 

The diminution of the virulence of the bacterial Spores, and 
in the end, under the prolonged action of sulphurie acid, 
their death, supervenes the more rapidly the higher the tem- 


* 99° Fab, f See preceding page. 
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and it was found that the virulence was preserved for from fuur 
to eight days, and the power of reproduction for from ten t» 
thirteon ; he considers that these results further support his 
contention that attenuation is not produced by the oxyzen of 
the air. He also showed that in a series of cultivations expose 
in vacuo to various temperatures ranging between 50° C. and 
zero the virulence and the power of reproduction was lost tke 
more rapidly the higher the temperature. If from cultivation: 
with & virulence attenuated by heat in vacuo, other cultivations 
were made in the ordinary way, they formed spores, but the 
virulence was to some extent attenuated; this attenuation 
could be completed by heating to 80? C. 

The following are the steps of the operation by which M. 
Chauveau prepares a vaccine fluid* :— 

“1, A flask containing very clear chicken infusion is inoculated 
with a drop of blood from an animal infected with anthras: 

2, The flask is kept for about twenty hours in a thermostat 
maintained constantly at the temperature of 43° C., in order tu 
develop from the inoculation a fragmentary mycelium without 
Spores ; 

3. The cultivation is heated for three hours in a ther» 
stat at the τ perature of 41 ας the heating beni ide [Lt "E 
produce the attenuation of the virulence of the msec lian. 

"The cultivation ds then ready to serve for the iiiecilat. " 

à darce number of other cultivations of the seeond cenerat. τον 
which will be used for the preventive Inoeulations., This «c τὰ 
part of ihe operation consists of the followin: steps :;-— 

* ΤΟ New flasks are inoculated with one or two drops alot. 
frst. attenuated, euliivation ; 

"23. The flasks are kept for from five to seven dais 
thermostat αὐ a temperature of 35. τὸ 87 €C., in order to cas 
a development of the nieeltum, and its transforiíation iz 
attenuated Spores ; 

"3. They are heated to 80. (ἡ, in order to complete th 
attenuation of the spores." 

The chicken Infusion Used was minde from one part oT Mat 
five parts of water. For obtaming large qnamtities of vaeciue 
M. Chiauiveau used large three-necked tlasks, t holding one or we 

" Comptes Rendus, IT. xevii. p. 1397, 
+ Comptes Rendus, T, xcviii. p. 71. 
























ghteen months after t n has 
observed to be still protected against the effects of inoculation 
with a virus which had not been attenuated, and there is some 
evidence to show that the immunity from the disease is trant- 
mitted to the offspring.* 
* A good account of recent researches into the etiology of this disease, 
of those of the authors quoted in the text, will be found in a paper by Mr. Ὁ, ἦν 
Dowdeswell, M.A., published in the Thirteenth Annual Report of the Local Gore 


ment Board, 1883—84 (Supplement containing the Report of the Medical Off 
p. 186,—D. W. 









IV.—VACCINATION FOR SWINE-PLAGUE BY 
MEANS OF THE ATTENUATED VIRUS OF 
THE DISEASE;.* 


---- 9ῳ...ἔὦῳ[. . 


[IN March, 1882, M. Pasteur requested M. Louis Thuillier, one 
of the assistants in his laboratory, to proceed to Peux, in the 
Department of Vienne, with the objoct of studying swine-plague, 
8 disease which was at that time committing great ravages in the 
district. On March 15th M. Thuillier informed M. Pasteur that 
he had found a micro-organism in the blood and fluids of pigs 
dead of the disease. This micro-organism was not the same as 
that observed by Dr. Klein in 1877 ‘during the course," to 
quote the words of M. Pasteur, “οὗ a long and remarkable 
series of autopsies and experiments." 

On November 26th, 1883, M. Pasteur made a communication 
to the Academy of Sciences in which, after paying a tribute to 
the zeal, ability, and devotion of M. Thuillier, who had died of 
cholera in Egypt in September, 1883, he proceeded to give an 
account of the results of their joint investigations in the follow- 
ing terms :—; 

Having once entertained the idea of the existence of a micro- 
organism in pigs suffering from the disease, wo made the 
necessury experiments to ascertain whether this organism was in 

* Comptes Rendus, tome xcvii., p. 1163, “La Vaccination du rouget des porca à 
l'aide du virus mortel atténué de cette maladie," par MM. Pasteur et Thuillier. 

(November 20, 1893.) 

' . * On Dec. 2nd, 182, M. Pasteur nddressed a letter to M. Dumas (Comptes Rendus, 
T. xcv., p. 1120). Hoe stated that the nuinber of animals dying of swine-plague in the 
Departments of the Rhone Valley was estimated at twenty thousand for that year. 
Swine-plague was due to a special microbe, very small, most nearly resembling the 
microbe of fowl-cholera, having the figure-of-8 form, but differing from it in physio- 
logical propertics. Inoculations of minute quantities of the pure cultivation produced 
the disease. Animals had been rendered refractory by the inoculation of the attenu- 
ated microbe. The organism described by Dr. Klein as occurring in the pneumo- 


enteritis of the pig, waa not in any way connected with the causation of the dixease 
observed by M. Pasteur, though he considered the two diseases to be identical.—D.W. 























deeper parts itio glands, " 

exndation, and in the blood of pigs which have died of the disease ; in mice 
rabbits inoculated with fresh organs from an infected pig, or with an artificial 
cultivation, the organism is also found in the liver and spleen. The organism is 






fourth of this in width, illus appeared to be but rarely present in the 
blood, as cultivations started by inoculating nutrient material with blood often 
failed, Cultivations made from the blood or organs in fluid media at 33? to 40°C. 
rendered the fluids turbid, and after three or four days incubation a slight pellicle 
began to form, It consisted of “moving and non-moving rods, some twice, thrice, 
and four times as long as others. Some being 0005 m.m. long.... The longer 
rods include either at one end or both, or sometimes also in the middle, a bright 
granule, having all appearances of a spore, while the rods themselves are composed 
of a very pale substance." In a fresh specimen the rods varied in length between 
(70036 and (00054 τι. in a specimen dried and stained they varied between 
0002 and 00026 m.m. In two pigs inoculated with artificial cultivations of this 
bacillus, enlargement of the lymphatic glands in the neighbourhood of the point 
of inoculation, pyrexia, and some general indisposition, were the symptoms noticed. 
These symptoms passed away in the second week, leaving, however, some enlarge- 
ment of the glands still persisting. In mice, redness about the point of inoculation 
was noted within twenty-four hours, but the animals did not become ill until the 
fifth or sixth day, and died about the seventh; in rabbite death occurred at about 
the same date; the earliest deaths in mice and rabbits were on the fifth; the 
latest on the ninth day. In pigeons, Dr. Klein says that he has not in a single 
instance seen any local or general effect follow inoculation. In conclusion, be 
states that pigs may be protected from fatal swine-plague by two methods. (I) 
A cultivation, started with the bronchial glands of a pig recently dead of swin- 
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plague, is kept for one, two, or more days at a temperature of 80? to 40? C. ; pigs 
inoculated with a few drops of this cultivation are affected by the disease in so 
mild a form that it can only be diagnosed on careful inspection, but they are thus 
protected from a fatal attack in the future. (2) A rabbit is inoculated with the 
fluid equeered out from a diseased (inflamed) portion of the lung of a pig recently 
dead of swine-plague. The rabbit dies between fonr and seven days later; ita 
spleen, liver, or lungs are mixed up in saline solution (0.6 per cent), and the pigs 
are inoculated with a few drope. A mild attack of swine-plague is induced, and 
the animals acquire immunity. 

The observations of Dr. Salmon in America (see Department of Agriculture, 
Annual Reports 1881, 1882, and 1885) seem to show that the organism described 
by Dr. Klein was not the determining cause of the disease in America at least, 
though Dr. Salmon is clearly mistaken in identifying the large micrococcus observed 
by him with M. Pasteur's “microbe em chiffre-de-8," which, as stated above, 
has been shown by Bchütz and Schottelius to be a bacillus, It is important 
to notice that Dr. Loeffler (loc. cit., p. 52) found in one pig which had died with the 
ordinary symptoms of " Rothlauf," not the small, thin bacillus, but an “ extraordi- 
narily small ovoid bacterium," which differed also from the bacillus in its pathogenic 
action towards various animals. It is clearly impossible to reconcile all these obeer- 
vations, and it seems highly probable, that, as Dr. Loeffler suggeste, several diseases, 
etiologically distinct though perhape clinically identical, have been confused together. 
—D. W. 





that it could be performed by a laboratory assistant, and could 
be completed so rapidly that the whole process, including the 
administration of chloroform and the recovery of the animal from 
the anwsthetic, only occupied twenty minutes. 

When the animal was inoculated by trephining, the symptoms 
which ensued were generally those of ‘‘ furious madness," but 
if the virus was introduced into the vascular system or into 
the subcutaneous tissue, the symptoms which followed were 
those of paralytic rabies, the so-called * dumb madness.”+ It 
was thought probable that when the virus was injected into the 
blood current it at first became established in the spinal cord; 
dogs were killed when the first symptoms of paralysis appeared, 
and on comparing the virulence of the spinal cord, the lumbar 
enlargement being generally the part used, with that of the bulb, 
it was found that the cord might be capable of communicating 


* Comptes Rendus, T. xcviii, p. 457. 


+ These are the two clinical types generally recognized by veterinary surgeons 
oveurr.ng in dogs, ; 














able interest to be able to prevent the development of the 
disease as the consequence of bites by rabid dogs. The first 
experiments which I have made give me the greatest hopes 
of success on this score. I have every reason to believe, 
thanks to the duration of the incubation of rabies following 
bites, that it would be possible to bring about with certaintys | 
refractory state in the subjects bitten before the fatal malady 
breaks out. 

“The first experiments are very favourable to this point of 
view; but the tests must be infinitely multiplied in various. 
species of animals before human therapeutics can have 
hardihood to try this prophylaxis upon man. 

“The Academy will understand that in spite of the 
with which my numerous experiments, pursued for the last! 
years, inspire me, it is not without some apprehension thi 
now make public facts which tend towards nothing less 
possible prophylaxis of rabies. Had I had at my di: 
cient material means I would have been happy not te 
made this communication until after having asked son 
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or before it, of a large number of new dogs, and the comparison 
which will ultimately be drawn between the dogs after their 
saccination and an equal number of test dogs which will have 
undergone no treatment. 

In other words, the series of experiments made upon dogs 
vaccinated by M. Pasteur has yielded decisive results. It now 
remains for the Commission to submit numerous animals, vac- 
cinated by it, to multiplied and varied proofs. 

Later on it will turn its attention to the prophylaxis of rabies 
in bitten dogs, by producing in them, during the period of 
incubation, an immunity capable of preventing the virus of the 
bite from producing rabies. 


(Signed) Bou ey, 
BÉCLABD, 
E. TiSSERAND, 
VILLEMIN, 
PauL BERT. 


A METHOD BY WHICH THE DEVELOPMENT OF RABIES AFTER A 
BITE MAY BE PREVENTED.* 


A real progress in the study of rabies was marked, without 
any doubt, by the papers in which I announced, in my own name 
and in the name of my fellow-workers, a prophylactic method ; 
but the progress was scientific rather than practical. Accidents 
were liable to occur in its application. Of twenty dogs treated, 
I could not undertake to render more than fifteen or sixteen 
refractory to rabies. 

Further, it was desirable, at the end of the treatment, to 
inoculate with a very virulent virus—a control virus—in order to 
confirm and reinforce the refractory condition. More than this, 
prudence demanded that the dogs should be kept under observa- 
tion during a period longer than the period of incubation of the 
disease produced by the direct inoculation of this last virus. 


* * Méthode pour prevenir la rage aprés morsure,” par M. L. Pasteur. Comptes 
Rendus, tome ci. p. 766. (Séunce du Lundi, 26 Octobre, 1885.) 

















the immunity produced by the treatment, a rabies τ more viralent 
than ordinary canine rabies. 

The final inoculation with very virulent virus has this farther 
advantage, that it puts a period to the apprehensions which 
arise as to the consequences of the bites. If rabies could ocear 
it would declare itself more quickly after a more virulent viros 
than after the virus of the bites. Since the middle of Augus 
I have looked forward with confidence to the future good health | 
of Joseph Meister. At the present time, three months and three _ | 
weeks having elapsed since the accident, his state of hah 
leaves nothing to be desired. 

What interpretation is to be given of this new method 
I have just made known, of preventing rabies after bites? 
have not at the present moment any intention of treating 
question in a complete manner. I wish to confine 
certain preliminary details essential to the com, 









* The boy, therefore, was not inoculated with an active virus until seven 
he was bitten. The period of incubation in man is anid to be rarely less | 
the average being six or seven weeks (Gowers) ; probably about 
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far as concerns myself I shall not be wanting—by working ina 
atmosphere of pure carbonic acid gas.* 

The microbe of swine-plague (rouget) can be grown in variow 
broths, but the weight of it which is grown is so small and so sou 
arrested at that proportion, that sometimes the cultivation a» 
only be detected as slight silky waves in the nutritive material 
Tt would be said that a product which arrests the development if 
this microbe comes into existence whether the cultivations be 
made in contact with air or in vacuo. 

M. Raulin, a former assistant of mine, now Professor in the 
Faculty at Lyons, has proved in the remarkable thesis which he 
sustained at Paris on March 22, 1870, that the vegetation of 
Aspergillus niger develops a substance which in some measure 
checks the jrowih of that mould, when the nutritive material 
does not contain iron salts, 

Can it be that that which constitutes the virus of rabies is 
formed of two distinct substances, and that side by side with 
that one which is living and capable of growing in the neryous 
system there is another, not living, which, when it is in 
suitable proportion, has the power of arresting the development 
of the first ? In a later communication I will experimentally 
examine, with all the care which it deserves, this third inter- 
pretation of the method of prophylaxis of rabies. 

In conclusion I need not say that perhaps the most important 
of the problems to be solved at the present time is that of the 
interval which may be allowed between the occurrence of the bites 
and the commencement of the treatment. In the case of Joseph 
Meister this interval was two days anda half. But it must be 
expected to be often much longer. 

On Tuesday last, October 20th, with the kind assistance of 
MM. Vulpian and Grancher, I commenced to treat a youtht of 
15 years, bitten six full days before, on both hands, under 
exceptionally grave circumstances. I will promptly make known 
to the Academy the result of this new trial. 

* An excellent review of existing knowledge with regard to the chemical produce 


of the activity of septic organisms, from the pen of Dr. Burdon Sanderson, PRS, 
will be found in the 12th Report of the Medical Officer of the Local Govermmest 
Board, and the two enbsequent reports contain farther information, aa well as the 
results of researches by Dr. Klein, F.R.S, and Mr. Laws, F.C.S., on the infuence αἱ 
the phenyl derivatives. See also in this connection the paper by MM. (Chambered 


and Roux, translated at p. 604.—D. W. 


+ J.B, Jupille, 
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In a communication made to the Académie des Sciences on 
March 1st, 1886 (Comptes Rendus, T. cii. p. 459), M. Pasteur 
stated that the three hundred and fiftieth patient was inoculated 
(for the first time) on February 25th. He had not treated any 
cases, whatever the nature of the wounds or bruises, unless the 
clothes had been distinctly pierced or torn by the teeth of the 
dog, or exposed parts of the body had been bitten. Before 
commencing the inoculations, he had demanded a certificate 
from ἃ veterinary surgeon or & medical man stating that the dog 
by which the bite had been inflicted was really rabid. In some 
doubtful cases the existence of the disease in the dog was estab- 
lished by the inoculation of rabbits and guinea-pigs with por- 
tions of its nervous system. He had also treated a few persons 
who had been bitten by dogs which had disappeared, and could 
not be traced. He stated that statistics showed that rabies 
generally came on between forty and sixty days after the bite; 
in the first hundred cases treated more than two months and a 
half, in the second hundred more than six weeks or two months 
had elapsed since the patients had been bitten. The first patient 
(Joseph Meister), bitten nearly eight months, and the second 
(J. B. Jupille), bitten four months and a half before the date of 
M. Pasteur’s paper, were both in good health. No unpleasant 
consequences had been noted after the inoculations, except 
slight redness and edema following the later operations. Details, 
in most cases somewhat meagre, are given of a series of cases 
treated in his laboratory between November 1st and December 
15th. M. Pasteur expressed the opinion that all these persons 
had passed through the really dangerous period. 
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of her brain-substance. Both the rabbits were 
seized at the same time, on the eighteenth day, with symptoms 
of paralytic rabies, and both died. Other rabbits were then 
inoculated with portions of the spinal cord of these two. In the 
second scries rabies appeared after an incubation of fifteen day 
These results show, says M. Pasteur, "that the virus whic) 
killed the girl Pelletier was the virus of the dog that bit ber. 
If her death had been due to the effects of the virus with which 
the preventive inoculations were made, the duration of the 
incubation of the rabies which occurred in the rabbits as a 
consequence of these second inoculations would have been 
seven days at most." (See pages 080, 641.) This was the 
only death which had occurred among the three hundred aud 
fifty patients. 











M. Leblanc, veterinary surgeon, Director of the Sanitary 
Department of the Préfecture. de Police de la Seine, supplied 
M. Pasteur with the statistics embodied in the subjoined table. 
The table shows the number of persons bitten, and the number 
who died of rabies in the Department of the Seine :— 
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Average 
Number of Number wh P t 
Date. 1 pols, | Diei abe. | Dead. | Percentage of - 
| 
1878 103 24 23°3 | 
1879 76 12 15°8 
. 1880 68 δ 7:85 1573 
1881 156 28 14°74 
1882 67 11 16°42 
18838 45 6 18:8 
Totals ... 515 81 


À committee was appointed to take steps to found an inter- 
national hospital in Paris, for the treatment of persons bitten by 
rabid animals in Europe or North America. On March 8th this 
committee presented ἃ report, recommending the erection of ἃ 
hospital in Paris, to be called L'Institut Pasteur, by public 
subscription, and nominated a very influential committee of 
management. 


VT kh 
a large number of bacilli, From the 
lung, in a case of bovine tuberculosis. x 700. 

Fi, 6.—Railially arranged bacilli, which have retained their original arranze- 
ment, after the disappearance of the containing giant cell. From the sme 
case as fig. 5. x 700. 

F1G, 7.—Tubercular ulceration of the intestine : cover-glass preparation of the 
feces, X 700. The tubercle bacilli are blue, other bacteria brown. On the 
right, below (a) is a group of more or less intensely blue-stained ovoid bacillus. 
spores. 

FIG, ,—A pure cultivation of tubercle bacilli on blood serum in a shallow 
glass cell. x 80. 





PLATE Ill. 
Fig. 9.—A pure cultivation of tubercle bacilli upon an oblique surface of 
coagulated blood serum, seen from the front. The growth of bacilli (a) is 
limited to the surface of the serum, and has not reached the fluid which bas 
collected below. Natural size. 
FIG. 10.—Colonies of tubercle bacilli from a necrosed area in the human 
kidney (section by Dr. Benda). x 700. 


PLATE IV. 


Fig, 11.—Erysipelas, Section through the skin at the margin of the redness, 
showing lymph vessels (2.4) dilated and blocked, ὃ, epidermis. x 100. (From 
ἃ photograph by Dr. Koch.) 
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Fic. 12.—Erysipelas, Section through the skin at the margin of the redness, 
more highly magnified, showing a lymph vessel filled with lymph corpuscles (6) 
and micrococci. The micrococci (a) have also spread into the spaces of the 
connective tissue. x 700. (From a photograph by Dr. Koch.) 

Fig. 13.—Pneumonic exudation from man, showing the pneumococci with 
their capsules. A cell (a) is also shown, containing a pneumococcus in its 
interior. 

Fic. 14.— Test tube cultivation of pneumococcus in nutrient jelly. The 
nail shape is well seen. 


PLATE V. 


F1G. 15.— Typhoid fever. Section of the kidney, showing a mass of bacteria 
(a) in the blood-vessels. x 100. (From a photograph by Dr. Koch.) 

ΕἸα. 16.—Typhoid fever. Section of the liver, showing the border of a mass 
of bacteria (a) which at b is broken up, and shows the individual bacilli. x 700. 
(From a photograph by Dr. Koch.) 


PLATE VI. 


ΕἸα. 17.—Glanders. Material squeezed out of a glanders nodule, spread out 
on a cover-glass and stained with fuchsin, showing large numbers of bacilli. 
x 600. 

Fia. 18.—Glanders. Section of the lung showing a glanders nodule projecting 
into an alveolus and containing a few bacilli (a). x 600. 

Fie. 19.—Section of a glanders nodule showing large numbers of bacilli. 
x 600. 

FIG. 20.—The streptococci found by Loeffler in diphtheria. x 1250. 

ΕἸα. 21.—Section through the mucous membrane from a case of scarlatinal 
diphtheria. At b are seen masses of streptococci penetrating into the tissue. At 
a is the inflammatory layer, and between a and b is the necrotic area where no 
nuclei take on the stain. x 200. 

FIG. 22.—Section through the membrane from a case of typical diphtheria. 
At a is the surface of the membrane containing numerous micrococct; at b are 
the clumps of the diphtheritic bacilli. x 600. 

Fie. 23.—Diphtheritic bacilli from a pure cultivation. x 1250. 


PLATE VII. 


Fie. 24.—Section through the projecting part of a leprous tubercle (magnified 
100 diameters). 

a, horny layer of the epidermis; 5, granular layer; c, rete mucosum; d, 
limit of the cutis; e, round cell infiltration between the fibres of the cutis ; LZ 
vessel. 

ΕἸα. 25.—Section of the cutis (magnified 300 diameters). 

c, d, e, f, round or irregular formed cells infiltrated between the connective 
tissue fibres. They all contain rods coloured blue. . 

a, b, cells belonging to the wall of a vessel, e. They also contain rods, 


650 DESCRIPTION OF THE PLATES. 


Fig, 26,—Rlements of a leprous tubercle, magnified 600 diameters (objective 
A immersion, No. 7 de Nachet). 

3, D, cells filled with rods; ¥, x bundle of rods which were adherent to each 
other. 
Fre, 27—Longitudinal section of a vessel, magnified 200 diameters. 

oo, lumen of the vessel ; m, its wall; a, cells which are interposed between 
the fibres of the cutis. 

Fra. 28.— Transverse section of a vessel, magnified 200 diameters. 

p, wall of the vessel ; m, peripheral tissue. 

FIG. 29.—Section from the liver. Magnifying power, 750 diameters. 

@, hepatic cell without bacteria; 5, lymphatic cell containing rods; e c, 
hepatic cell containing rods, 

A, ἃ lymphatic cell from the liver containing granules and roda, 


PLATE VIII. 

Fras. 30 and 31.—Staphylococeus (aureus and albus, which cannot be dis- 
tinguished microscopically from each other). Fig. 30 represents them twenty- 
four hours old. Fig. 31 represents them several months old, 

FrG. 32.—Streptococous pyogenes. 

ΤΊ, 33.—Streptococous erysipelas (Fehl.) from a cultivation in gelatine. 

Fra. 34.—Micrococous pyogenes tenuis from a case of empyema, 

Fic. 35.—A bacillus which rapidly destroys the soil on which it grows with 
the production of slight putrefactive odour. 

Fig. 36.—Bacillus saprogenes, No. 1. 

FrG. 37.—Bacillus saprogenes, No. 2. 

ΕἸα. 38.—Small cocci from a cultivation from carious teeth. 

Fig. 39.—Bacillus saprogenes, No. 3. 

Fig. 40.—Bacillus from a putrid abscess of bone with general sepsis (p. 425, 
Binnewis). 

Fig. 41.—Bacilli from gangrenous progressive emphysema (first case) from 
the tissue. 

Fig. 42.—Bacilli from gangrenous progressive emphysema from the tissue 
(second case). 

Fi. 43,—The cocci which cause finger erysipeloid. 
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